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ABSTRACT 1

Abstract

Intraneuronal inclusions of Tau protein are a common feature of the so-called
Tauopathies. Frontotemporal dementia with Parkinsonism linked to chromosome 17
(FTDP-17) is one of the Tauopathies and is caused by different mutations of the gene
coding for Tau. In FTDP-17 intraneuronal inclusions of Tau called neurofibrillary tangles
(NFT) compose the pathology. The most common Tauopathy is Alzheimer’s disease (AD).
The two neuropathological hallmarks of AD are extracellular amyloid plaques and
intraneuronal NFTs.

In order to elucidate molecular mechanisms contributing to Tau-induced
neurodegeneration a genome-wide modifier screen on a well-established Drosophila
model was conducted: a transgenic fly expressing a mutant variant of the microtubule-
associated protein Tau (Tau[R406W]) associated with FTDP-17 in humans. Upon
expression of Tau[R406W] in the compound eye, a distinct pathological manifestation, the
rough eye phenotype (REP), is seen. This can be used to evaluate modifications of Tau-
induced pathology. The screen was conducted using RNAi-mediated knockdown of all
Drosophila genes known to have a human homologue. Out of 7881 screened RNAI lines
about one percent where identified to modify Tau-induced REP. To shed a light on the role
of these candidates in disease, they were first grouped according to their known
molecular function or mechanistic relevance. Interestingly, several candidates were
found, which are involved in transport mechanisms such as the Dynein/Dynactin complex
responsible for retrograde microtubule-based transport. Experiments to elucidate the
functional interaction of retrograde transport and Tau-induced toxicity indicated an
involvement of lysosomal dysfunction in modification of Tau pathology by knockdown of
the Dynein/Dynactin complex. Additional experiments could identify candidates specific
for the R406W mutation of Tau and candidates, where modifications depend on the
phosphorylation status of Tau.

Taken together, the conducted screen produced a list of formerly unknown
modifiers of Tau-induced pathology and several results elucidating putative modes of
modification. This work not only stands for itself, but also creates a variety of approaches
to investigate Tau pathology. This can be used for future research, which eventually might

lead to the development of novel therapeutic strategies.
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1 Introduction

Common findings in neurodegenerative diseases are pathological aggregates of
proteins in the brain. Filamentous deposits of microtubule-associated protein Tau, the so-
called neurofibrillary tangles (NFT), are found in several neurodegenerative diseases
known as Tauopathies. The two most common Tauopathies are Alzheimer’s disease (AD)
and frontotemporal dementia with Parkinsonism linked to chromosome 17 (FTDP-17),
which can be associated to mutations in the gene coding for Tau (microtubule associated

protein tau mapt).

1.1 Frontotemporal dementia with Parkinsonism linked to chromosome 17

Frontotemporal dementia (FTD) is a very heterogeneous disease which was already
described in 1892 by Arnold Pick [1]. Subtypes of FTD can be differentiated based on the
pattern of protein deposits in the brain. Not all FTD cases show Tau-positive inclusions,
but of the hereditary FTD cases, 10-40 percent can be associated to numerous mutations
in mapt. These were categorised as FTDP-17 [2]. To date over 25 exonic or intronic
mutations are known to cause the disease (see chapter 1.3.5). FTDP-17 is characterised by
atrophy of the brain, accompanied by neuronal loss within the frontotemporal neocortex
[2]. The disease was initially described to cause behavioural and motor disturbances,
which are later accompanied by a cognitive impairment [3]. In FTDP-17 the pathological
hallmark is the presence of intraneuronal NFTs [4]. NFTs are inclusions, which are
composed of Tau and are common in most Tauopathies (like AD, see chapter 1.2).
Physiological Tau is associated to and stabilises microtubules (MT). MTs are essential for
the overall integrity of the cell as they are responsible for cell structure and intracellular
transport of metabolites, neurotransmitters and organelles [4]. Phosphorylation of Tau
decreases the affinity of the protein to the MT, therefore hyperphosphorylation of Tau
causes destabilisation of microtubules [4]. Conditions that lead to hyperphosphorylation
might thus result in Tau aggregation, impaired cell function and eventually cell death [4,

5].

1.2 Alzheimer’s disease

AD is the most common cause of dementia in the elderly, with an estimated global
prevalence of 24.3 million and an incidence of about 4.6 million new cases being

diagnosed per year [6, 7]. Knowledge of mechanisms and possible treatments of known



CHAPTER 1 - INTRODUCTION 3

dementias such as AD are of even higher importance in developing countries, in which life
expectancy increases. The disease is diagnosed if two of the following symptoms are
present: loss of episodic memory, aphasia (impairment of speech), apraxia (disorder of
motor planning) and agnosia (loss of ability to recognize persons, objects, sounds or
smells although senses are not affected) [8]. The progressing symptoms of the disease
invariably lead to an individual’s inability to perform everyday tasks [9]. The average age
of onset of AD is 65, but the range is wide and influenced by certain genetic factors. Early-
onset familial Alzheimer’s disease (EO-FAD) is caused by mutations in one of three genes
that are inherited in an autosomal dominant fashion. In 20-70 % of EO-FAD cases
mutations in presenilin-1 occur, in 10-15 % of the cases mutations in the amyloid
precursor protein (APP) gene occur and rare cases are linked to mutations in presenilin-2
[10]. Alleles of the gene coding for Apolipoprotein E (APOE) are associated with late-
onset AD [11, 12].

The neuropathological hallmarks of AD are two distinct forms of aggregates (Figure
1): amyloid-based neuritic plaques, which are extracellular aggregates of Amyloid- (AR)
peptides and intracellular NFTs. Although AD has been a topic of intensive research over
several decades, the cellular pathways leading to the disease remain elusive and still no

cure has been developed.

Normal Alzheimer’s

\
Neuron
soma

fibrillary
tangles

Amyloid
plaques
— Axon

Figure 1: Pathological hallmarks of AD.

The pathological state classically shows two types of aggregates: the intracellular neurofibrillary tangles
(NFTs) and the extracellular amyloid plaques.
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1.2.1 Amyloid plaques

The plaque is formed by an aggregation of a 42 amino acid-long fragment of APP.
APP is a membrane-bound surface protein involved in neurite growth, cell adhesion,
synaptic functions and the induction of apoptosis [13]. APP has a short intracellular
domain and a longer extracellular domain, which is physiologically cleaved through three
secretase enzymes, the a, 3 and y secretases [14, 15]. Normally, a physiological fragment
is formed after cleavage with the a and y secretases resulting in a 40 amino acid-long 8
peptide [13, 16]. In the Alzheimer’s brain, the 3 secretase ([ site APP cleaving enzyme
BACE) produces, in combination with the y secretase, the AB42 fragment [15]. This AP42
fragment is able to form oligomers. These oligomers eventually fibrillate and mature into

insoluble neuritic plaques [13, 16, 17].

1.2.2 Linking amyloid plaques and neurofibrillary tangles

Linking the two pathological hallmarks, amyloid plaques and NFTs, has been an
important research field in the past decade. Mutations in the genes coding for APP (app)
and mapt are known to induce severe neurodegenerative diseases in humans, but
pathology differs. Mutations in mapt can cause hereditary FTDP-17, characterized by
intracellular Tau deposits like NFTs in the absense of amyloid plaques (see chapter 1.3.5).
Nevertheless, mutations in app leading to amyloid plaques, as well as direct intracranial
injection of AP peptides, increase NFT formation in a murine Tau model, implying a
directed mechanistic influence of amyloid effects on Tau pathology [18, 19]. In addition, a
knockout of Tau could rescue from pathological effects induced by expression of human
APP in mice [20]. The cascade from APP to Tau is poorly understood, but several
hypotheses are raised:

The first hypothesis to describe the link between amyloid plaques and NFTs was
formulated in 1992 by Hardy and Higgins as the amyloid cascade hypothesis [21]. It is
first of all based on the assumption that a toxic species of AP peptides is the cause of AD.
Through mutations in app or presenilin, or environmental factors, the accumulation of a
toxic species is responsible for disease onset and progression. Formation of NFTs by
modified Tau was explained as a downstream event of AP toxicity, which contributes to
neurodegeneration [22]. Limiting this straight hypothesis is the finding that amyloid
plaques and NFTs appear in independently distributed patterns [23, 24] and the severity
of AD is rather correlated to accumulating NFTs [25, 26].
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A second approach is a unifying view published recently as the revitalised Tau
hypothesis [27]. Activated microglia produce proinflammatory cytokines that trigger
signal cascades in neuronal cells [28]. Kinases and phosphatases are deregulated, leading
to abnormally phosphorylated Tau protein and in consequence to fibrillary degeneration.
The toxic species of Tau is released by degenerating neurons, contributing to microglia
activation and leading into a deleterious cycle of progressive degeneration [29]. Induction
of microglia is suggested to be additionally initialised by A peptides, free radicals, iron
overloads and other environmental factors [27]. This goes in line with recent publications
showing induction of neurodegenerative-related processes by extracellular application of
either AP peptides [30] or Tau protein [31].

A third approach is a newly discovered dendritic function of Tau [32]. Tau guides
the Src kinase Fyn to the postsynaptic compartment, where it transduces the excitotoxic
triggers of amyloid-f3 via the NMDA receptor. In Tau-deficient mice Fyn could not be
located to dendrites and toxic effects of Ap were prevented.

Another possible mechanistic link is the activation of caspases. It has been shown in
cell culture that extracellular amyloid deposits activate caspase-2 and 3 [33]. Caspase-3 is
able to truncate Tau protein at the C-terminus creating Taul-42! [34-36]. This truncated
version is found in NFTs of AD and related Tauopathies [37-39] and has an increased
aptitude to fibrillate, as the 20 truncated amino acids inhibit filament assembly in vitro
[40]. Still, pathways leading to caspase activation via extracellular amyloid remain

elusive.
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1.3 Tau and its regulatory modifications

The gene coding for Tau, mapt, is located on chromosome 17. It consists of 16 exons,
although only 11 are constitutive for the isoforms found in the central nervous system
(CNS) [41, 42]. Alternative splicing of exons 2, 3 and 10 results in six different isoforms
present in the human brain, differing in size between 352 and 441 amino acids (Figure 2).
Interaction of the protein Tau with microtubules is mediated by three (3R) or four (4R) C-
terminal microtubule-binding domains (MBD) [42-44]. Differential splicing of the exons 2
and 3 is responsible for three different N-terminal variants of Tau: without exon 2 and 3
(ON), with exon 2 (1N) and with both (2N) (Figure 2). In the adult human brain, the 3R
and 4R variants are found in same amounts, while 1N, ON and 2N are found in the ratio
54%, 37% and 9 % of total Tau [45]. Tau was originally discovered as a microtubule-
associated protein (MAP) expressed in the CNS [46], where it is predominantly found in
axons [47]. As a MAP, Tau is able to promote microtubule nucleation, growth and
bundling [44, 48] and is responsible for MT stabilisation [49]. In line with its MAP
function in neurons, Tau is mainly found in the axonal and synaptic compartments (for
details see chapter 1.5.6 Distribution of Tau). An additional but related function of Tau is
its involvement in neurite outgrowth and stabilisation. In insect cells, overexpression of

Tau was able to induce sprouting of long processes with axonal shape [50]. However, Tau

Amino
acids Isoform
(C_ Teafes] [Ri] TROT TRST [RAT O 441 4R2N
C [E2H [Ril TRoT TRST [RAT D 412 4RIN
C H [Ri] R3] TRST [RA] O 383  4RON
(C_ Teafes] [RI[HIRST TRAT O 410 3R2N
C [E2H [RiTHIRST [RAT > 381  3RIN
C H [Ri[HIRST [R&T > 352 3RON

Figure 2: Schematic view of the six Tau isoforms found in human CNS.

The six isoforms found in human CNS differ in three exons: two N-terminal exons with unknown function,
exon 2 (E2) and exon 3 (E3), and exon 10 which resembles the MBD repeat 2 (R2). Nomenclature for the
isoforms is depicted on the right. First, the number of C-terminal MBD repeats (R) is listed, followed be the
number of included N-terminal exons (N).
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is not essential for axonal formation as knockout mice did not display overall phenotypic
changes [51], except for a delay in axonal sprouting of primary hippocampal cultures. This
effect could be rescued by expression of human Tau [52]. In addition to its interaction
with microtubules, Tau is assumed to also interact with cytoskeletal proteins like Actin
[53] and Spectrin [54]. Recent findings also show an involvement of Tau in Src family
tyrosine kinase signalling pathway (interaction with Fyn [55]) and phospholipase C-y
signalling pathway [56]. Taken together, Tau is suggested to play a role in regulating the
functional organisation of the neuron by establishing the axonal morphology, growth and

polarity in different ways.

1.3.1 Phosphorylation of Tau

All Tauopathies share a pathological state, which is the occurrence of
hyperphosphorylated and abnormally phosphorylated Tau protein. The two components
of neurofibrillary lesions (NFL) in AD, paired helical filaments (PHF) and straight
filaments (SF) predominantly consist of abnormally phosphorylated Tau protein [42, 58-
61]. Pathological Tau from human FTDP-17 brain is also known to be
hyperphosphorylated [62, 63]. Tau isolated from PHFs shows an approximate 3.5 times
higher phosphorylation level compared to a control brain (stoichiometric difference) [64].

Of all known mutations in Tau leading to a disease, no mutation is known to create

Figure 3: Reported phosphorylation sites of 4RON Tau.

Of all serine (Ser), threonine (Thr) and tyrosine (Tyr) phosphorylation sites, 25 are mainly found to be
phosphorylated in AD brains (black), while others also appear phosphorylated in normal brain (grey). Most
phosphorylation sites are clustered at a proline-rich region and the C-terminal region flanking the
microtubule-binding domains (MBD). Also depicted are the three known ubiquitination sites (U) and the
single known site of sumoylation (S). The numbering of amino acids as used in literature is derived from the
4R2N Tau variant (isoform 2). The Tau variant used in this work is the 4RON variant (isoform 3).
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additional phosphorylation sites. Nevertheless, all Tau mutations are associated with
formation of filaments composed of hyperphosphorylated Tau protein [65]. Therefore,
Tau hyperphosphorylation must be an event downstream of the primary effects. There
are many sites of phosphorylation known in Tau and many kinases are known to
phosphorylate Tau [66] (Figure 3). Accordingly, different effects of abnormal Tau
phosphorylation are reported: conformational changes of Tau [67], decreased
microtubule binding and assembly promotion [68-70] and increased instability of

microtubules [44, 49].

1.3.2 Tau proteolysis

Recent publications suggest that truncated versions of Tau protein might be prone
to assemble filaments. Specific truncations occur after hyperphosphorylation [71, 72], but
as an upstream event to filament assembly [73]. Associated with a higher aptitude in
forming filaments are two distinct truncations of the Tau protein. First a truncated variant
cleaved at amino acid 391 was shown to be an important component of the PHF core [74-
77]. Second a truncated Tau, cleaved at position 421 was reported to be a product of
cleavage via caspases in the pathology of AD and related Tauopathies [37-39]. Taul-421
lacks a 20 amino acid long C-terminal peptide, which seems to inhibit formation of
polymeric filaments [40]. Especially caspase-3 is responsible for Tau truncation at
position 421 [34-36], which might resemble a link between amyloid plaques and Tau
pathology (see chapter 1.2.2).

1.3.3 Other post-translational modifications of Tau

In addition to phosphorylation, truncation and ubiquitination of Tau protein (see
also chapter 1.3.4), several other Tau modifications are known to be altered in AD. This
includes abnormal glycosylation, glycation, prolyl-isomerisation, nitration, polyamination,
sumoylation and oxidation [78-85]. While glycation, nitration, polyamination,
sumoylation and oxidation seem to promote Tau aggregation and PHF stabilisation [84-
88], glycosylation and prolyl-isomerisation by Pinl might contribute to
dephosphorylation of Tau and restore its function [81, 89]. In combination with
phosphorylation, truncation and clearance this draws a complex picture of influences on
Tau pathology. Diverse impacts obviously act on inhibition and promotion of the

pathological pathway.
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1.3.4 Clearance of toxic Tau species

If Tau is responsible for the above-mentioned pathomechanisms, the active
clearance of the toxic species might be a path to avoid or postpone disease onset.
Ubiquitination is a physiological mechanism to mark proteins for degradation by the
proteasome. Tau is known to be ubiquitinated in pathological but not under normal
conditions. Ubiquitin is found in SDS-insoluble PHFs [90] and in filamentous species of
Tau causing neurodegenerative diseases other than AD [91]. However, ubiquitination of
PHF occurs after NFT formation, suggesting it to be a late event [92, 93]. Additionally, the
predominantly found monoubiquitinations [93] might not be sufficient for ubiquitin-
mediated degradation [94, 95]. Nevertheless, the proteasome seems to play an important
role in Tau degradation as pharmacological inhibition of the proteasome increases Tau
accumulation in rat brain [96].

A second mechanism of Tau degradation might be autophagy and subsequent
degradation by lysosomes. Lysosomes are the cellular compartment for autophagy and
proteolysis of cellular and endocytotic proteins [97]. The putative involvement of the

lysosomal system in Tau pathology is explained in detail in chapter 1.6.

1.3.5 Mutations in the gene coding for Tau

Several mutations of mapt, the gene coding for Tau, are known to be associated with
human FTDP-17. In 1998, first exonic and intronic mutations where found [63, 98, 99].
To date there are over 25 known alterations of mapt known to be associated with the
disease [100]. Most of them are exonic missense mutations, several intronic alterations
could be associated to causative splicing variation and there is one exonic silent mutation
known to inhibit splicing of exon 10 [101]. The majority of known mutations alter the
splicing of exon 10 in different ways shifting the ratio of Tau isoforms [100] (isoforms see
chapter 1.3). However, most of the alterations lead to one species of Tau filaments. The
only two mutations, which do not alter isoform ratios and result in PHFs and SFs, are
V337M in exon 12 [99] and R406W in exon 13 [98, 102]. Both lead to a decreased affinity
to bind microtubules and an increased formation of filaments. PHFs and SFs found include
all six isoforms and are comparable to those observed in Tau NFLs of AD brains [103-

105].
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1.4 Models of Tau pathology

Ricardo Maccioni recently stated that “Alzheimer’s disease is one of the human
disorders that has triggered the largest number of hypotheses to explain its pathogenesis”
[27]. Although he is also referring to Amyloid-mediated mechanisms, several hypotheses
have been raised to explain Tau-mediated neurodegeneration. Three main concepts of

toxic triggers by Tau are presented in this chapter.

1.4.1 Loss of function

Tau was discovered as a MAP being responsible for microtubule network
maintenance [46]. After the discovery that Tau is the main constituent of NFTs found in
AD brains [106, 107], the loss of function hypothesis was the first to be raised. To date, a
variety of publications using cell-free assays, cell culture models and animal models
contributed to this hypothesis. Pathological triggers prevent Tau from fulfilling its
function. It loses the ability to bind, stabilise and regulate microtubule structure and
microtubule-based transport (for an overview of publications see [100]). This loss of
function and the resulting disturbances by an impaired microtubule network are

suggested to be the cause for Tau-induced toxicity.

1.4.2 Tau aggregation

Different experimental approaches were used to elucidate the role of aggregates per
se in Tau-induced pathology. Tau in its soluble physiological form is suggested to have no
significant secondary structure, although published data varies [108-110]. In contrast to
its native form, aggregated Tau shows either a cross-f§ [111, 112] or an a-helical [113]
conformational structure. Among the previously mentioned post-translational
modifications of Tau protein (chapter 1.3), hyperphosphorylation is particularly able to
change secondary structure [114-116]. The altered confirmation is suggested to promote
Tau aggregation and thereby evoke toxic effects. In AD brain the sites of
neurodegeneration correlate quite well with the distribution of NFTs [117]. Moreover,
death of NFT-affected neurons has been shown in several Tau expressing mouse models
[118-120]. Despite these facts, it is very difficult to identify the direct cause of neuron
loss, as different Tau modifications and cellular dysfunctions always accompany or even
head NFT manifestation. It has been suggested that aggregation of a toxic protein might
even be a general protective cell response [121]. There are several animal models with

Tau-induced neurodegeneration lacking NFTs or inclusions (see chapter 1.4.3).
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1.4.3 Direct cytotoxicity

Cytotoxicity and degeneration might be triggered by a toxic Tau species itself. This
hypothesis is derived from several publications of cell culture and animal models where
neurodegenerative phenotypes could be observed in the absence of Tau aggregates. Direct
induction of apoptosis without accumulations of Tau could be observed in several neural
and neuronal cell lines [122, 123]. This was confirmed in vivo as toxicity was observed in
Caenorhabditis elegans and Drosophila melanogaster models of Tauopathy, without

displaying obvious accumulations [124, 125].

1.5 Microtubule—based transport and Tau

The physiological role of Tau and its importance for microtubule integrity has
already been mentioned. In neurons, all long distance transport mechanisms are based on
motor complexes, which allow transport of vesicles, organelles or protein complexes
along microtubules [126-129]. Microtubules are polymers of globular Tubulin subunits
arranged in a tube-shaped structure. Each Tubulin subunit is a heterodimer composed of
two monomers, namely a- and $-Tubulin. Due to its biochemical nature, the microtubule
structure has a distinct polarity, allowing directed transport using different motor
proteins. In a physiological situation the orientation of microtubules is based on the
microtubule-organizing centres (MTOCs) where assembly of microtubules is initiated.
There are exceptions as for dendrites where mixed polarities are found [130].

Few motor proteins are known to be responsible for distinct cargos and directions.
Most of the motor protein complexes are only active during mitosis and will not be named
here. Different motor proteins, the Kinesins and cytosolic Dynein, are responsible for MT-
based transport. The Kinesins are transporting cargo in an anterograde direction (away
from the MTOC, towards the cell periphery). Dynein is the motor complex for the
retrograde transport (towards the MTOC/cell body) [131].

1.5.1 Axonal transport

As with all active transport mechanisms, axonal transport occurs along structures of
the cytoskeleton. Next to microtubule-based transport there are three major structural
components in the axon that are devoted to transport mechanisms - microtubules, Actin
filaments and intermediate filaments. Intermediate filaments are composed of the
Neurofilament polypeptides NF-L, NF-M and NF-H. These filaments do not have a polarity

and thus do not allow directed long distance transport. Actin filaments show a polarity
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and are utilised for short distance, dispersive movements. Long distance movement is
primarily driven by microtubule-based motor proteins. In mature neurons the highly
dynamic microtubules gain stability by interacting with stabilizing microtubule-
associated proteins such as Tau. Along the axon microtubules are organized in the
expected polarity - resulting in the two distinct transport directions: anterograde axonal

transport towards the synapse and retrograde axonal transport towards the cell body.

1.5.2 Kinesins

As mentioned before, Kinesins are responsible for the anterograde transport. This
also holds true for axonal transport. The proteins of the Kinesin superfamily all share a
conserved motor domain, but differ in the cargo interaction domains. Therefore, Kinesins
themselves show specificity for their cargo. In addition to direct cargo binding, cargo
attachments can be indirect and mediated by scaffolding or adaptor proteins. Thus
redundant Kinesins can restore many anterograde transport functions. Nevertheless a few
mutations in Kinesins are known to cause neurodegenerative diseases (e.g. a mutation in
KIF1Bp, a member of the kinesin-3 family, leads to Charcot-Marie-Tooth (CMT) disease
Type 2A [132]).

1.5.3 The Dynein/Dynactin complex

Compared to the Kinesin motors (see chapter 1.5.2), the retrograde transport based
on cytoplasmic Dynein is far more complex. The Dynein protein itself is formed by a dimer
of the Dynein heavy chain (DNHC), including the domains of force production and
microtubule binding [133] (Figure 4). Associated to the DNHCs are several intermediate
and light chains, which are thought to stabilise the complex and regulate binding of
accessory and cargo proteins [134-140]. In total, Homo sapiens genome encodes 15
different known DNHCs, which can be divided into two functional groups: axonemal and
cytoplasmatic (Table 1). Although the cytoplasmatic members are supposed to be more
important for microtubule-based transport, the number of the axonemal proteins is much
higher and the function is in most cases only predicted by sequence similarities. The two
cytoplasmic and 13 axonemal DNHCs in Drosophila and their human homologues are

listed in Table 1.
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Table 1: List of Dynein heavy chains in Homo sapiens and Drosophila melanogaster homologues.

Type Human protein (Gene)! Drosophila homologue?

Cytoplasmic DNHC cytoplasmic dynein 1 heavy chain 1 (DYNC1H1) Dhc64C
cytoplasmic dynein 2 heavy chain 1 (DYNC2H1) btv (Dhc36D)

Axonemal DNHC axonemal dynein heavy chain 1 (DNAH1) CG14651
axonemal dynein heavy chain 2 (DNAH2) kl-2, CG9068
axonemal dynein heavy chain 3 (DNAH3) CG17150
axonemal dynein heavy chain 5 (DNAH5) CG9492
axonemal dynein heavy chain 6 (DNAH®6) Dhc16F
axonemal dynein heavy chain 7 (DNAH7) Dhc36C
axonemal dynein heavy chain 8 (DNAH8) kl-3
axonemal dynein heavy chain 9 (DNAH9) CG3339
axonemal dynein heavy chain 10 (DNAH10) Dhc98D
axonemal dynein heavy chain 11 (DNAH11) kl-5 (DhcYh3)
axonemal dynein heavy chain 12 (DNAH12) Dhc62B
axonemal dynein heavy chain 14 (DNAH14)
axonemal dynein heavy chain 17 (DNAH17) Dhc93AB

1 All Dynein heavy chains as listed by Ensembl [141].
2 Corresponding homologues as found in the Homologene Database [142] or by primary structure comparison
[143].

Although Dynein itself is sufficient to generate a driving force along a microtubule, a
complex of Dynein and Dynactin fulfils most transport processes. Dynactin is a complex
molecule composed of several subunits (Figure 4). The base is formed by an Actin-like
octameric polymer of the Actin-related protein 1 (Arp) [144, 145]. Arp1 can directly bind
to PIII spectrin, which might be a general mechanism for Dynactin to bind a variety of
subcellular structures [146]. The plus end of this Arpl rod terminates with the
conventional actin-capping protein CapZ [144, 147]. The opposite end of the rod bears a
second Actin-related protein, Arp11 [148], and the Dynactin p62 subunit [144]. Arp11
seems to serve as a cap for the Arp1 filament minus end. It does not allow any further
subunit addition. p62 seems to support protein-protein interactions via a zinc-binding
motif [148-150] and might be responsible for binding Arpl, Arpl1, other Dynactin
subunits or sub-cellular cargo structures. However, loss of p62 does not impact stability of
Dynactin [151]. The two smallest Dynactin subunits, p25 and p27, associate with p62 and
Arp11 and are predicted to represent a novel form of protein interaction domain [152].

Unlike the other subunits they are also available in a free soluble pool and thus might
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provide functions independent of the Dynactin complex as adapter proteins targeting
Dynactin to its cargo [145]. Extending from the Arpl rod is a flexible structure which
contains three additional subunits: p1506lued, Dynamitin and p24/p22. Each Dynactin
molecule contains four copies of Dynamitin and two copies of p1506lued and p22/24,
respectively. Dynactin p1506Glued js the largest subunit and binds to microtubules with its
N-terminus [153, 154]. The microtubule-binding ability seems to be necessary to increase
motility of the Dynein motor function [155]. The microtubule-binding ability is crucial
especially for neuronal function. A mutant form of p1506lued Jacking the microtubule-
binding activity results in motor neuron disease [156]. The middle portion of p150Glued js
essential for binding of Dynactin to the motor Dynein at different sites [153, 157-159].
The C-terminal end directly binds to the Arp1 filament [154]. In addition, an interaction of
the C-terminus of p150Gled and the p25 subunit was detected [160]. The subunit
Dynamitin interacts with p1506lued, p22/24 and the Arpl rod and therefore plays an
important role in Dynactin structure maintenance [161]. Furthermore, Dynamitin seems
to be a regulator of Dynein/Dynactin-mediated movements as it is able to inhibit dynein-
based movements when overexpressed [162, 163]. p22/24 stabilizes the complex of
p1506Glued and Dynamitin, as it is known to bind both [148, 164], allowing formation of a
stable complex of all three proteins [148, 164].

Table 2: Dynactin subunits and homologues in Drosophila melanogaster.

Human protein (Gene)? Drosophila homologue? Function

Arpl (ACTR1A) Arp87C Octameric polymer for cargo binding
Arp11 (ACTR10) Arpl1 Stabilisation of Arp1 rod

CapZ a/p capping protein a/b (cpa/cpb) Stabilisation of Arp1 rod

p62 (DCTN4) CG12042 Stabilisation of Arp1 and Arp11

p25 (DCTN5) Dynactin p25 Adaptor protein

p27 (DCTN6) 1(2)37Ce Adaptor protein

Dynamitin (DCTNZ2) Dynamitin Stability of Dynactin structure
p22/24 (DCTN3) - Stabilisation of Dynamitin and p150
p150 (DCTN1) Glued (Dynactin p150) Dynein and microtubule binding

1 All Dynein heavy chains as reviewed [145].
2 Corresponding homologues as found in the Homologene Database [142] or by primary structure comparison [143].
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Figure 4: The Dynein/Dynactin complex.

The proteins of Dynein (in blue) and Dynactin (in green) form a macromolecule for microtubule-based
movements. Whereas especially the Dynein heavy chains (DNHC) are responsible for microtubule binding,
the members of the Dynactin complex are responsible for stabilisation of the complex and the cargo
binding. DLIC: Dynein light intermediate chain, DLC: Dynein light chain, DIC: Dynein intermediate chain,
Arp1/Arp11: Actin-related protein 1/ 11.

1.5.4 Axonal transport and neurodegeneration

Axonal transport is an important issue, since neurons are highly polarised cells, and
intracellular distances in human axons can exceed one meter (e.g. in motorneurons). An
intact axonal transport is crucial for neuronal function. As the transport mechanisms are
complex and in parts not redundant (see chapters 1.5.2 and 1.5.3), there are a variety of
possible pathomechanisms leading to transport deficits. Disturbances of axonal transport
are described in many major neurodegenerative diseases like amyotrophic lateral
sclerosis (ALS) [165], spinal muscular atrophy [166], hereditary spastic paraplegia (HSP)
[167], AD [168-170], polyglutamine diseases [171-173], Parkinson’s disease (PD) [174]
and CMT [132, 175, 176]. In some of these diseases, transport deficits have even been
shown to be the cause or early pathogenic events, suggesting a causative or at least

promoting role (ALS [177], HSP [167], AD [170] and CMT [132]).
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1.5.5 Effects of Tau on axonal transport

Tau as a MAP has a high impact on the axonal transport mechanisms. Its classical
role is the stabilisation of the axon’s microtubule network (see chapter 0), the base for
main transport processes. Therefore pathological changes of the Tau protein have an
impact on the transport processes. It has been shown that hyperphosphorylated Tau
decreases efficiency of axonal transport in vivo [178]. In line with these findings, different
kinases have been reported to regulate transport via Tau phosphorylation [179, 180].
Disturbances of the transport machinery by Tau directly lead to “traffic jams” caused by
disorganised microtubules in sea hares (Aplysia) [181]. In mammalian cells, inhibition of
axonal transport is also non-specifically induced by accumulations of Tau in the axon,
followed by degeneration of synapses [182]. That the interactions of Tau and motor
proteins are not only non-specific (by microtuble destabilisation or traffic jams) has been
first shown for the Dynactin complex. The N-terminal part of Tau is able to bind the C-
terminus of p1506Giued, enhancing its microtubule binding activity and thereby reducing
transport velocity [183]. Recently it has been reported that the effects of Tau on Kinesin-
and Dynein-based transport are indeed diverse. Whereas Kinesin detaches or pauses as
an effect of Tau interaction, Dynein/Dynactin shows neither detachment, nor a rest, but
rather an reverse transport direction (anterograde) [184]. Moreover, recent data has
provided evidence that Tau modification and pathology can also be induced by transport

impairments [185, 186].

1.5.6 Distribution of Tau

The distribution of Tau in neurons seems to contribute to Tau function and
malfunction. Under physiological conditions Tau is found in a gradient along the axon,
with highest levels at the synapse, and the lowest levels in the somato-dendritic
compartment [53, 187-189]. However, to date the mechanisms of Tau distribution have
not been fully understood. Tau has been reported to be transported at rates comparable
to slow axonal transport [190]. In contrast, small accumulations of Tau seem to be
transported by fast axonal transport mechanisms [191]. Opposing diffusion/reaction
based models (suggesting that the gradient is formed by diffusion and axonal trapping
[192]), models of active transport have been raised. Tau is suggested to travel as a
passenger on anterogradely transported MT fragments [193]. MT fragments are known to
be transported by stationary motor complexes like the Dynein/Dynactin complex bound

to the cytoskeleton [194, 195]. In addition, Kinesin1 is able to transport Tau by direct
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interaction, which is reduced when Tau is hyperphosphorylated [196]. In the disease case
Tau gets redistributed to the somato-dendritic compartment [197, 198] contributing to
several pathomechanisms. The axonal microtubule network becomes destabilised (see
chapter 1.4.1) and the increased Tau levels in the soma might inhibit initiation of Kinesin-
guided anterograde transport. This may lead to starvation of the synapse and axonal
degeneration [184]. Moreover, the increase of Tau levels in the dendritic compartment

might increase A induced toxicity (see chapter 1.2.2).

1.6 The role of the lysosome in Tau toxicity

Recent studies have shown that the integrity of the lysosomal compartment and its
function contribute to the mechanisms of Tau-induced neurotoxicity. In an AD mouse
model expressing mutant Tau, affected brain regions showed an increased number and
structurally abnormalities of lysosomes [199]. Similar observations were published for
human AD brains [200, 201]. Although there are several hypotheses for the link between
Tau and lysosomal function, the mechanistic role remains elusive. One hypothesis
explains the promotion of neurodegenation by decreased lysosomal stability: Lysosomes
releasing their content occur downstream of cytotoxic stressors and induce caspase-
dependent apoptosis [202]. In contrast it has also been suggested that lysosomal
expansion might be a response of the cell to AD pathomechanisms, increasing degradation
of toxic proteins via autophagy [203]. Vice versa a defective lysosomal system could lead
to an accumulation or abnormal processing of the disease protein [201]. In both cases,
functional lysosomes and its proteases could be responsible for Tau degradation and
clearance, which has been shown in vitro and in vivo culture [204, 205].

One major component of the lysosome, the protease Cathepsin D, seems to play a
key role in the lysosomal contribution to neurotoxicity. Both mRNA and protein levels of
Cathepsin D are upregulated in degenerating neurons of AD patients [206, 207].
Mutations in the Cathepsin-encoding gene are also associated with sporadic AD [208,
209]. Although Cathepsin D has been reported as a pro-apoptotic protein [210], recent
publications suggest a cytoprotective role as well. Removal of Cathepsin D specifically
enhances Tau-induced neurodegeneration, although it does not alter Tau levels nor its
phosphorylation state in a fly model [211]. Nevertheless, in flies as well as in mammalian
models, the loss of Cathepsin D led to markedly increased levels of an C-terminally
truncated version of Tau, most likely by activation of caspase-3 [211]. This truncated

Taul#21 is found in neurofibrillary tangles of AD and related Tauopathies [37-39]. In a
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direct comparison in Drosophila, Taul-#21 was substantially more toxic than wildtype
(WT) Tau and in contrast to the wildtype, Taul#21 toxicity could not be elevated by
removal of Cathepesin D [211].

1.7 Drosophila melanogaster as a model organism

The use of the fruit fly Drosophila melanogaster (from now on shortly termed
Drosophila) has a long history in research. The fruit fly has several advantages in
comparison to other animals in research. The genome was one of the first to be
completely sequenced and Drosophila genetics are well established. It is a fast
reproducing organism which can be easily handled in high numbers and short time
periods. These advantages make Drosophila an ideal model for high-throughput
approaches. It is possible to model human hereditary diseases in Drosophila, by creating

transgenic animals expressing disease-correlated toxic gene products.

1.7.1 The UAS/Gal4 expression system

A tool frequently used as an expression system in Drosophila is the so-called
UAS/Gal4 system [212-214] (Figure 5). It is based on the yeast transcriptional activator
Gal4 and its binding site, the Upstream Activation Sequence (UAS). Gal4 binds to the UAS
and activates transcription of downstream target genes. A silent transgenic line
containing a UAS-flanked target gene can be crossbred to Gal4-expressing transgenic lines
leading to expression of the gene of interest in the offspring. So-called Gal4 driver lines

expressing Gal4 in many different spatiotemporal manners (e.g. by endogenous

endogenous
promoter

\

drlver line construct

-
RS

overexpression construct

Figure 5: An overview of the UAS/Gal4 expression system.

The usage of two different constructs allows changing time point and/or tissue where the protein of interest
is expressed. A driver line leads to expression of the yeast protein Gal4 (green) in a specific spatiotemporal
manner by endogenous triggers (a variety of different driver lines are commercially available). The
overexpression transgene bears an upstream activation sequence (UAS) where Gal4 binds and expression
of the transgene is initialised (red).
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promoters) are available. Thus target gene expression can be easily achieved in different

spatiotemporal manners using one transgenic UAS line.

1.7.2 High-throughput approaches

Among the high-throughput approaches for genetic screens is misexpression of
endogenous genes [215]. However, misexpression creates artificial expression states and
one is only able to cover small portions of the Drosophila genome. A new approach for
high-throughput genetic screens in Drosophila is the use of RNAi-mediated gene silencing.
This mimics classical knockout experiments, silencing gene transcripts via small
interfering RNAs [216] (see chapter 1.7.3). In 2007 an RNAI library was generated
utilising the conditional expression system UAS/Gal4 [217]. The RNAI fly lines contain
short hairpin RNAs (shRNA) under control of a UAS sequence and are therefore silent
unless they are crossbred to a Gal4 driver line leading to expression in the pattern of

interest.

1.7.3 Inhibition of gene expression by RNA interference

The effect of RNA interference (RNAi) was first reported in Caenorhabditis elegans in
1998 [218]. It was discovered that regulation of transgene translation via RNAi is a
conserved mechanism in plants and animals, e.g. in Drosophila [219-221]. There are
different species of short interfering RNAs (siRNAs) responsible for RNAi effects. They
can be classified according to their origin, biogenesis, mode of interference and size. In
this work knockdown of single genes was achieved by introduction of a transgene coding
for an shRNA. These shRNAs consist of an inverted repeat of 100 - 400 base pairs
separated by a spacer allowing to form a stem-loop structure (Figure 6). This shRNA is
then processed to short double-stranded siRNAs [221-223]. In Drosophila, this
maturation is mediated by Dicer-2 cleaving the loop and the appending ends of the RNA
[224]. The siRNA is bound and guided to the RNA induced silencing complex (RISC) by
the protein R2D2, a component of the RISC loading complex (RLC) [225]. R2D2 is also a
sensor to distinguish between the guide strand (responsible for target recognition) and
passenger strand (which will be processed) [226]. The RLC recruits ArgonauteZ2, to which
it transfers the siRNA duplex. Ago2 then cleaves the passenger in the same way as it will
process the target messenger RNA (mRNA) [227]. The RISC complex is formed by release
of the passenger siRNA strand. Afterwards the complex can recognise, bind and process

the target mRNA using the guide strand of the siRNA for target recognition [219]. RNAi is
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a powerful tool to knockdown expression of a gene in a targeted manner. Experiments can

be done without creating time-consuming knockouts.

introduced

n transgene
shRNAis
i expressed

Dcr-2 forms

l
ein

sL R2D2 forms

RLC and
R2D2 ------------- recognises
guide and
\L passenger
Ago2 cleaves
passenger
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RISC

nnnnnnn

target mRNA processed by RISC

Figure 6: Pathway of RNA interference by transgenic shRNA.

The transgene expresses an RNA, which forms a stem-loop structure due to an inverted repeat. This shRNA
is processed by Dicer-2 (Dcr-2) to a double stranded (ds) siRNA. This is recognized by R2D2 leading it to
Argonaute?2 (Ago2). Ago2 removes passenger strand and forms the RNA induced silencing complex (RISC)
with the guide strand of the siRNA. The RISC is then able to recognise and cleave the target mRNA.

1.8 Drosophila models for neurodegenerative diseases

Many biochemical and signalling pathways are conserved in flies and humans [228].
Consequently, processes impaired in neurodegenerative diseases in humans can be
modelled in Drosophila. Thereby, the use of Drosophila models for human
neurodegenerative disorders provides a tool for elucidation of such disease mechanisms.

Human neurodegenerative disorders like Tau-induced FTDP-17 can be modelled in
Drosophila. Models have already been described and share key features of the human
disease such as reduced lifespan and progressive neurodegeneration [125]. Using disease

models in combination with high-throughput screens might identify modifiers of toxicity,
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thereby revealing pathomechanisms of Tau and might elucidate targets for therapeutic

research.

1.8.1 The rough eye phenotype

The compound eye is a highly organised structure consisting of ommatidia (unit
eyes) and sensory bristles. Loss of retinal neurons is usually reflected by changes in the
regularity of the compound eye structure leading to a rough eye phenotpye (REP) and the
degree of neuron loss correlates to REP severity. Therefore, the REP provides an ideal
readout for neurodegenerative diseases, since changes in the regularity of the compound
eye texture and size can be easily examined using a normal dissecting microscope [229].
Thus as a readout for a high-throughput modifier-screen on neurodegeneration the REP is
frequently chosen [230-232].

For our screening approach, we targeted expression of Tau, in combination with
UAS-shRNA transgenes, to the eye. Using the driver GMR-Gal4, expression of the two
transgenes is limited to post-mitotic cells of the compound eye including photoreceptor
neurons [233]. For a screen model a moderate REP is recommended in order to detect
phenotypic changes of both directions, enhancement and suppression of the REP (Figure

7).

Control ——————————
Suppressor phenotype Enhancer

Figure 7: The rough eye phenotype (REP) as a high-throughput readout.

A Drosophila model showing an REP used for modifier screens, revealing an easy readout for interactions
with modifiers suppressing (Suppressor) or enhancing (Enhancer) the model phenotype.

1.8.2 Drosophila models for Tau-induced neurodegeneration
Expression of Tau[WT] and two mutated variants in Tau-linked human FTDP-17
were previously described as neurodegenerative models in Drosophila [125]. Pan-neural

expression (elav?®5-Gal4 [234]) of Tau[WT] and the two mutated variants Tau[R406W]
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and Tau[V337M] caused key features of neurodegenerative disorders, similar to those
seen in human: reduced lifespan, progressive neurodegeneration, enhanced toxicity of
mutant Tau versus Tau[WT] and accumulation of abnormally phosphorylated Tau.
However, no neurofibrillary tangles were observed in either of the models [125]. The
Tau[V337M]-induced REP has been successfully used in an misexpression-based modifier
screen for Tau-induced neurodegeneration [232].

Steinhilb et al. published models mimicking two different phosphorylation states of
Tau [235, 236]. They introduced 14 missense mutations disrupting all 14 serine-proline
(SP) or threonine-proline (TP) phosphorylation sites (see Figure 8). In the non-
phosphorylatable Tau[AP] model, the 14 sites are changed to alanine-proline (AP).
Mutations of the 14 sites resulting in glutamate were used to mimic a phosphorylated
state (E14). The non-phosphorylatable Tau[AP] was reported to show a decreased
neurodegeneration compared to Tau[WT] [236, 237]. In contrast, the Tau[E14]
mimicking a state of hyperphosphorylation led to an increased toxicity [237]. This is in
line with the suggested mechanisms of toxicity and emphasises a causative role of

phosphorylation for Tau toxicity.

Figure 8: Mutated phosphorylation sites of phospho-specific Tau models and used phospho-specific
antibodies.

The Tau[R406W] variant bears a missense mutation at amino acid number 406 (in red). The 14 either
threonine or serine phosphorylation sites depicted above the protein are those mutated in the two
phospho-specific Tau variants Tau[AP] and Tau[E14]. AT8, AT100, AT180 and AT270 are phospho-specific
monoclonal antibodies used to determine the phosphorylation states of the depicted sites. The numbering
of amino acids as used in literature is derived from the 4R2N Tau variant (isoform 2). The Tau variant used
in this work is the 4RON variant (isoform 3).
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1.9 The conducted screen

The goal of this study was to perform a high-throughput genome-wide screen to find
modifiers of Tau-induced neurodegeneration in Drosophila in order to elucidate
pathological mechanisms and potential therapeutical approaches for Tauopathies. For
that an easily detectable neuronal readout is required. As mentioned before, GMR-Gal4-
driven expression of Tau results in a REP (see chapter 1.8.1), which can be utilised to
screen for modifications as previously described [230, 232, 238]. A published screen on
Tau[V337M] was based on misexpression approaches [232]. In contrast, the screen
conducted in this study was based on a gene silencing approach, mimicking classical
knockouts and it aims to target all Drosophila genes known to have a human homologue
(Sub-library of the Vienna Drosophila RNAi Centre (VDRC) library [217]). UAS-shRNA fly
lines were used, containing shRNA transgenes each directed against a distinct gene. These
shRNAs were co-expressed with the toxic Tau[R406W] protein in the compound eye. The
resulting phenotype was examined with respect to changes in the REP. A modification of
the REP due to a knockdown by the RNAi effect might indicate a function of the silenced
gene in the pathological pathway of Tau.
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2 Material and Methods

In this work, genes, proteins, transgenes and flies are notated according to following
rules. Drosophila genes and mRNA are written in italics and small letters. If referring to
the human homologue, genes are written as the official short form according to Gene
database [239] in capital letters. Candidate genes are always referred to as the human
homologue genes. Transgenes, fly stocks and fly genotypes are written in italics according
to Flybase nomenclature [240].

All materials and methods that were used in this study are listed below. Recipes for
solutions are found in Table 3 and will only appear with their name in methods

description.
2.1 Chemicals, buffers and equipments

Table 3: Chemicals and buffers

Name Recipe or origin

Acridine Orange 3,6-bis[Dimethylamino]acridine (A-6014), Sigma, USA

Acrylamid Acrylamid 2K (30 %), AppliChem, Germany

APS Ammoniumperoxidisulfate = 98 % p.a. (9592.2), Roth, Germany

Bromophenol Blue (A512.1), Roth, Germany

CaCl; x 2H20 =99 % p.a. (5239.2), Fluka, Germany

Chloroform Trichlormethane/Chloroform = 99 % (3313.1), Roth, Germany

Citrate buffer 1.8 mM citric acid and 8.2 mM sodium citrate, pH 6.0

Citric acid (1.00244.1000), Merck, Germany

DEPC Diethylpyrocarbonat (K028.1), Roth, Germany (to treat H;0: stir 0.1 %
DEPC in bidest H,0 over night and autoclave)

Desflurane Suprane, Baxter, Germany

DNase kit RQ1 RNase-free DNase (M6101), Promega, USA

Drosophila’s Ringer 182 mM KCl, 46 mM NacCl, 3 mM CacCl; x 2 H20, 10 mM Tris, pH 7.2,
autoclaved

DTT 1,4-Dithiothreit (6908.1), Roth, Germany

Ethanol = 99,8 % p.a. (9065.4), Roth, Germany

FastDigest® BamHI (FD0054), Invitrogen, Germany

FastDigest® Bglll (FD0083), Invitrogen, Germany

FastDigest® Kpnl (FD0524), Invitrogen, Germany

FastDigest® Notl (FD0594), Invitrogen, Germany

FastDigest® Xhol (FD0694), Invitrogen, Germany
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Fluoromount
Glycerol
Glycine
HEPES

HL3 buffer

Immun-Star™

iQ™ SYBR® Green Supermix
iScript™ cDNA Synthesis Kit
Isopropanol

KCl

KH,PO,

Laemmli lysis buffer (2X)

Methanol

Methylbenzoat

MgCl

Na;HPO4 x H20

NaCl

NaH,HPO4 x H,0

NaHCO3

NGS

Nitrocellulose membrane

Paraffin

PBS

PBT

PFA (4 %)

Qiagen RNeasy Mini Kit
Resolving gel buffer
RNase Inhibitor
Running buffer

SDS

SDS gel (10 %)

Skim milk
Sodium acetate
Sodium citrate

Stacking gel buffer

Fluoromount-G (0100-01), SouthernBiotech, USA

99 % (G5516-1L), Sigma, USA

=99 % p.a. (3908.2), Roth, Germany
=99.5 % p.a. (9105.4), Roth, Germany

70 mM NaCl, 5 mM KCl, 20 mM MgCl, 10 mM NaHCO3, 5 mM Trehalose,
115 mM Sucrose, 5 mM HEPES, pH 7.2

Immun-Star™ WesternC™ Kit (170-5070), Bio-Rad, USA

(170-8882), Bio-Rad, USA
(170-8890), Bio-Rad, USA

2-Propanol (T910.1), Roth, Germany

= 95.5 % p.a. (6781.1), Roth, Germany

=99 % p.a. (3904.1) Roth, Germany

0.004 % Bromophenol Blue, 400 mM DTT, 20 % Glycerol, 4 % SDS, 125

mM Tris, pH 6.8
(717.1), Roth Germany

(8.22330.1000), Merck, Germany
= 98.5 % p.a (KK36.1), Roth, Germany
=99.5 % p.a. (1.06580.1000), Merck, Germany

=95.5 %, p.a., Roth, Germany

=99 % p.a. (1.06342.1000), Merck, Germany
=99 % pure (8551.1), Roth, Germany

(S-2007), Sigma, USA

Protran® BA 83 (10 402 396), Whatman®, Germany

32.3 % Paraffin 42-44 (107150), 32.3 % Paraffin 51-53 (107157), 32.3 %
Paraffin 57-60 (107158), all Merck, Darmstadt, Germany and 3.2 % bees

wax (5825.2), Roth, Karlsruhe, Germany
8 mM Na;HPO4 x 2 H,0, 1.8 mM NaH,HPO4 x H,0 and 0.1 M NacCl

0.14 M NaCl, 6 mM NazHPO4, 2.7 mM KC], 1.5 mM KH;PO4, 0.05 % Triton

4 % paraformaldehyde (0335.2, Roth, Germany) in PBS

(74106) Qiagen, Germany
0.4 % SDS, 1.5 M Tris, pH 8.8

RiboLock™ RNase Inhibitor 40 u/pl (E0O0381), Fermentas, Germany
0.1 M Tris, 1 M Glycine and 0.5 % SDS
AccuGene 10 % SDS (51213), Cambrex, USA

Resolving gel: 1.25 ml resolving gel buffer, 2.08 ml bidest H»0, 1.67 ml
acrylamid, 25 pl TEMED, 25 ul 10 % APS

Stacking gel: 625 pl stacking gel buffer, 1.25 ml bidest H,0, 625 pl
acrylamid, 12.5 pl TEMED, 12.5 pul 10 % APS

Milk Powder (T145.2), Roth, Germany
Sodium acetate (1.06268.0250, Merck, Germany) 3 M in H;0, pH 5.4
(1.06448.0500), Merck, Germany

4 % SDS, 0.25 M Tris, pH 6.8
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Sucrose

TBS

TBS-T
TEMED
TOPO TA kit

Transfer buffer
Trehalose

Tris

Triton

Trizol®

Tween
Vectashield
Xylol

D(+)-Saccharose = 99.5 % p.a. (4621.1), Roth, Germany

25 mM Tris and 140 mM NacCl, pH 7.5

25 mM Tris and 140 mM NacCl, pH 7.5, 0.05 % Tween
N,N,N’,N’-Tetramethylethylendiamide, AppliChem, Germany

TOPO TA Cloning® Kit Dual Promoter pCR®II-TOPO® vector (45-0640)
Invitrogen, Germany

25 mM Tris, 192 mM glycine and 20 % methanol
D(+)-Trehalose Dihydrat (5151.1), Roth, Germany

= 99.3 % (AE15.2), Roth, Germany

Triton X100, Sigma, USA

TRIzol® Reagent (15596-026), Invitrogen, Germany
Tween® 20 (9127.1), Roth, Germany

Vectashield mounting medium, Vector, USA

Otto Fischar, Germany

Table 4: EQquipment

Name

Trade name and origin

Leica inverse

Microtome

Olympus binocular

Olympus BX51
Speedmill
Real-time cycler

Western blot
documentation

Zeiss Axiovert

Scanning electron

microscope

DMI 6000B with camera DFC 420, Leica, Germany

Thermo Scientific microtome HM 360

SZX10 with ring light S80-55 RL and camera SC30, Olympus, Germany

BX51 with light source X-Cite® 120 Q and camera DP72, Olympus, Germany
Speedmill P12, Analytik Jena AG, Germany

MyiQ2 two colour realtime cycler, Bio-Rad, Germany

Alliance LD4.77.WL.Auto, Biometra, Germany

Zeiss Axiovert with LSM710 scan head and Plan-Apochromatix X63 oil 0.55 NA
objective, Carl Zeiss, Germany

ESEM XL 30 FEG, FEI, Eindhoven, Netherlands

Table 5: Software and online tools

Name

Purpose

Adobe Illustrator CS4
Adobe Photoshop CS4

Compilation of illustrations and figures

Rotation and clipping of phenotypic images / Clipping of western blot
images

http://blast.ncbi.nlm.nih.gov ~ Alignments for detailed determination of gene homologues between

Drosophila melanogaster and Homo sapiens.
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GraphPad Prism

Olympus Cell A
Olympus Cell F
Sequencher 4.10.1

http://www.ncbi.nlm.nih.gov/
tools/primer-blast/

Leica Application Suite®
Image] 1.42

Zen 2009

iQ5

Alliance UVItec 15.11
Axiovision 4.8.1

BioDoc Analyse 2.1

[llustration of quantitative data (qPCR, time-lapse etc.) and according
statistics

Documentation of rough eye phenotypes
Documentation of immunhistochemical micrographs
Handling sequence files, designing cloning strategies and primers

Generating primers in high numbers for qPCR analysis

Documentation of acridine orange stainings of eye imaginal discs
Analysis for CSP accumulations and transport rates and speeds
Carl Zeiss software for confocal microscope systems

Handling of MyiQ2 real-time cycler and documentation of qPCR
Software for documentation of Western blots

Carl Zeiss Software for light microscope systems

Software for quantification of Western blots
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2.2 Transgenic animals and fly keeping conditions

Flies were kept at a temperature of 18 °C (= 1 °C) and a relative humidity of at least
50 % on standard food. Unless otherwise specified, experiments with embryos, larvae and
adult Drosophila melanogaster were conducted at a temperature of 25 °C (+ 1 °C) and a

relative humidity of at least 50 %.

Table 6: Obtained transgenic Drosophila melanogaster fly strains used in this study

Transgenic line Genotypel Origin

Tau[R406W] w[*;;P{w[+mC]=UAS-hTau[R406 W]} Wittmann et al. [125]
Tau[WT] w[*];;P{w[+mC]=UAS-hTau[WT]} Wittmann et al. [125]
GFP w[*];P{w[+mC]=UAS-eGFP}/Cy0O Dr. Aaron Voigt

Oregon R wildtype Bloomington #5
GMR-Gal4 w[*];P{w[+mC]=Gal4-ninaE.GMR}12/CyO Bloomington #1104
elavt1s5-Gal4 P{w[+mW.hs]=GawB}elav[C155] Bloomington #458

APz w[*;P{w[+mC]=UAS-AL42} Finelli et al. [241]

Q78bl w[*;P{w[+mC]=UAS-M]D.tr-Q78}c211.2 Bloomington #8150
Tau[AP] w[*];P{w[+mC]=UAS-hTau[AP]} Steinhilb et al. [235, 236]
Tau[E14] w[*;P{w[+mC]=UAS-hTau[E14]} Steinhilb et al. [235, 236]
CxD/TM3 y[1]w[*];CxD/TM3,Sb[1],Ser[1] Bloomington #6309
D42-Gal4 w[*];;P{w[+mW.hs]=GawB}D42/TM3,Sb[1],Ser[1] Bloomington #8816
mitoGFP w([1118];P{w[+mC]=UAS-mitoGFP.AP}3 Bloomington #8443

1 genotype is written in the format suggested by Flybase [240]

RNAI fly lines were obtained from the library of the Vienna Drosophila RNAi Centre
(VDRC) [217] and were generated by random integrations of transgenes transcribing
shRNAs under control of the UAS-Gal4 system into the Drosophila genome (UAS-shRNA).
The RNAI lines used in this study are a subset of 7881 RNAIi lines silencing all Drosophila
genes with known or predicted human homologues selected by the VDRC (complete list in
the appendix). Fly lines that were used to verify candidate shRNA effects induced by GMR-
mediated expression in the screening model are listed in the appendix. These include
misexpression lines, deficiencies and amorphic alleles obtained from Bloomington Stock
Centre, Indiana, USA and additional RNAi lines obtained from either Bloomington Stock
Centre or from NIG-Fly (Genetic Strain Research Centre, National Institute of Genetics,

Mishima, Shizuoka, Japan).
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2.3 Site-directed integrations

The plasmids for site-directed integration of transgenes attB Tau[WT],
attB_Tau[R406W], attB_Tau[AP] and attB_Tau[E14] were generated utilizing existing Tau
transgenic animals (Table 6). The DNA fragments coding for Tau[WT] and Tau[R406W]
were amplified from genomic DNA of Tau[/WT] and Tau[R406W] flies obtained from
Wittmann et al. [125], the fragments coding for Tau[AP] and Tau[E14] from Tau[AP] and
Tau[E14] flies from Steinhilb et al [235, 236] by using the primers TauATG
(ATGGCTGAGCCCCGCCAG) and TauSTOP (CACAAACCCTGCTTGGCCAGG). The fragments
were cloned into pCR®-II Topo TA vector (using the dual promotor pCR®-II kit) and
subcloned into pUAS-attB vector used to create site-directed integrations into the
Drosophila genome using the ¢C31 integrase [242]. Sub-cloning strategies using

FastDigest® enzymes are shown in Table 7.

Table 7: Strategies for sub-cloning into pUAS-attB

Tau variant  Direction in pCR®- Enzymes for digestion of Enzymes for digestion of
11 donor pUAS-attB (acceptor)

Tau[WT] sense Notl, Kpnl Notl, Kpnl

Tau[R406W] antisense BamH]I, Xhol Bglll, Xhol

Tau[AP] antisense BamH]I, Xhol Bglll, Xhol

Tau[E14] antisense BamH]I, Xhol Bglll, Xhol

Transgenic fly lines were generated by BestGene, USA. The plasmids were injected
into flies with the attP integration site at the estimated genomic location 76A2 (3rd
chromosome) (y[1],w[1118];;PBac{y+-attP-9A}VK00013). Flies obtained from BestGene
were balanced using balancer stock CxD/TM3 (Table 6). In this work four generated
transgenic fly lines are referred to as attB_Tau[WT] (PBac{attB[+mC]=UAS-
hTau[WT[}VK00013), attB_Tau[R406W] (PBac{attB[+mC]=UAS-hTau[R406W]}VK00013),
attB_Tau[AP] (PBac{attB[+mC]=UAS-hTau[AP]}VK00013) and attB_Tau[E14]
(PBac{attB[+mC]=UAS-hTau[E14]}VK00013). To differentiate between Tau protein being
expressed by random and by site-directed integration transgenes, Tau protein expressed
by site-directed integration transgenes from now on is notated as attB-Tau

(attB_Tau[WT], attB_Tau[R406W], attB_Tau[AP] and attB_Tau[E14]).



CHAPTER 2 - MATERIAL AND METHODS 30

2.4 Breeding procedures

For the primary (see chapter 3.3.2) as well as for the secondary screens (see chapter
3.5) breeding procedure are identical. GMR-Gal4 and Tau expressing flies (Tau[R406W],
attB_Tau[WT], attB_Tau[R406W], attB_Tau[AP] and attB_Tau[E14]) (Table 6 and chapter
2.3) were used to create five screening stocks: GMR_Tau[R406W], GMR_attB_Tau[WT],
GMR_attB_Tau[R406W], GMR_attB_Tau[AP] and GMR_attB_Tau[E14] (Table 8). For the
screens these stocks were crossbred with the UAS-shRNA fly lines from VDRC. In addition,
the GMR-Gal4 fly itself was used as a control screening stock, showing effects by
expression of the shRNA per se.

The random integrations of shRNA constructs in the VDRC lines affect chromosomes
one, two and three. RNAIi lines with integration on the first chromosome (gonosome X)
were generated as lines with an additional artificial double X (dX) gonosome (male XY;
female dXY; dXX is lethal). As integrations are found on the normal X gonosome, only male
flies contain the shRNA transgene. Therefore, virgins of the screening stocks were

crossbred to male flies of the RNAi lines and effects were analysed in female offspring.

Table 8: Stocks used for the screening procedure

Screening stock Genotype

GMR_Tau[R406W] w[*[;P{w[+mC]=Gal4-ninaE.GMR}12/CyO;P{w[+mC]=UAS-
hTau[R406W]}/TM3,Sh[1]

GMR_attB_Tau[WT] w[*;P{w[+mC]=Gal4-ninaE.GMR}12/CyO;PBac{attB[+mC]=UAS-
hTau[WTJ}VK00013

GMR_attB_Tau[R406W]  w[*];P{w[+mC(C]=Gal4-ninaE.GMR}12/Cy0O;PBac{attB[+mC]=UAS-
hTau[R406W]}VK00013

GMR_attB_Tau[AP] w[*;P{w[+mC]=Gal4-ninaE.GMR}12/CyO;PBac{attB[+mC]=UAS-
hTau[AP]}VK00013

GMR_attB_Tau[E14] w[*;P{w[+mC]=Gal4-ninaE.GMR}12/CyO;PBac{attB[+mC]=UAS-
hTau[E14]}VK00013

2.5 Phenotypic analysis

In order to evaluate REP of flies, at least ten flies including females were used to
determine REP severity. Modifications of the screening phenotype induced by shRNA
expression (GMR_Tau[R406W] X UAS-shRNA) were categorized as follows: “wild type like
phenotype”, “obvious suppression”, “subtle suppression”, “no change”, “subtle

» o«

enhancement”, “obvious enhancement” and “lethal”. Modifications of the eye phenotype
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induced by shRNA alone (GMR-Gal4 X UAS-shRNA) were characterised as “no change”,
“subtle enhancement” or “obvious enhancement”. shRNAs leading to any change of the
control phenotype were excluded from the screen, as the shRNA effect then is thought to
be independent of Tau[R406W]-induced pathology. Expression of shRNAs that did not
show any effects in the control but did show at least obvious changes in the Tau[R406W]-
induced phenotype were included as suppressing/enhancing the Tau[R406W]-induced
REP in detailed analysis.

2.6 Documentation of compound eye phenotypes

Pictures of Drosophila compound eyes were taken using the Olympus binocular
(Table 4) and the Olympus Cell A software (Table 5). Selected REP were documented
using scanning electron microscopy (SEM). Unfixated and uncoated flies were imaged
using the ESEM scanning electron microscope (Table 4) in “low vacuum mode” (0.8-1.5
Torr) and an accelerating voltage of 10 kV. Adobe Photoshop CS4 was used to rotate and
clip all images. Orientation of all compound eye phenotype images in this work is

anterior-left and dorsal-up.

2.7 Cell death events in eye imaginal discs

Dissection and acridine orange stainings on eye imaginal discs of L3 larvae have
been conducted according to Sullivan and Ashburner [243]. Eye imaginal discs were
dissected in Drosophila’s Ringer solution containing 1.6 x 10 M acridine orange dye.
Preparation of GMR-mediated GFP expressing eye imaginal discs was done in Drosophila’s
Ringer only. Dissected eye imaginal discs were placed into a drop of the Ringer medium
on a glass slide and covered with cover slides. Pictures of the eye imaginal discs were
directly aquired with the Leica fluorescence microscope using 20x and 40x objectives and

Leica application Suite® software.
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2.8 Longevity analysis

To evaluate life span, male flies with the genotype of interest raised at 25 °C were
selected, grouped into vials containing 20 individuals and kept at 29 °C for the longevity
experiment. Events (dead flies or exclusions) were counted at least every second day and
flies were flipped to fresh food every two to three days. For Kaplan-Meyer plotting and
statistical analysis GraphPad Prism was utilised. Log-Rank test was conducted for
comparison of two longevity curves and P-values were corrected using the Bonferroni

correction for multiple testing.

P =P K  with K =number of testings conducted

2.9 Quantification of mRNA levels using qPCR
For RNA preparation from fly heads 30 heads were lysed in 100 pl Trizol using the

speedmill (Table 4) and prepared for next step via chloroform extraction (using 50 pl of
chloroform). The aqueous phase was mixed with 100 pl 70 % ethanol and RNA was
purified from this solution using the Qiagen RNAeasy kit as described in the supplier’s
instructions. 2.5 pg of RNA from column eluate were treated with DNase (DNase kit, Table
3) as recommended by supplier with additional 0.5 pl RNase inhibitor. Afterwards, the
DNase-treated RNA was precipitated using 2 volumes H20 (DEPC-treated, see Table 3, 67
ul), 0.3 volumes sodium acetate (3 M, 10 pl) and 2.1 volumes isopropanol (70 pl).

1 pg of sample RNA was reverse transcribed using the Iscript cDNA synthesis kit
following manufacturer’s instructions. The cDNA samples were diluted tenfold with DEPC
treated H20 (quantification of Tau mRNA was done from non-diluted samples, chapter
3.1.3).

Quantitative polymerase chain reaction (QPCR) from cDNA samples was conducted
using the iQ™ SYBR® Green Supermix and the MyiQ2 real-time cycler with iQ5 software.
Measurements were done in film-covered microtiter plates. Reaction was composed as
recommended by the iQ™ SYBR® Green Supermix supplier with a total volume of 15 pl (1
ul cDNA and 5 pmol of each primer, see Table 9 for primer list). The general protocol used

for real-time analysis was as follows.
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30 seconds at 95 °C
2 x 3 minutes at 95 °C for acquisition of internal well factor
3 minutes at 95 °C
40 repeats of:
10 seconds at 95 °C
30 seconds at 55 °C
30 seconds at 72 °C with data acquisition
10 seconds at 95 °C
30 seconds at 55 °C
41 repeats of 30 seconds starting at 55 °C, increasing 1 °C with each step for

melt curve acquisition

Table 9: Primers used for quantification of transcript levels using qPCR

Target Primers used!

General

actin5C CCAGTCATTCCTTTCAAACC, GCAACTTCTTCGTCACACATT

elav TGACAACAGCCATTGGCCGG, TCCCACACTCTCTTCGGTTGTCC

mapt (hTau) AAGAGGGTGACACGGACGCT, CATGCGAGCTTGGGTCACGT

rp49 TCGGATCGATATGCTAAGCTGTCGCAC, AGGCGACCGTTGGGGTTGGTGAG
tau (dTau) GCCACGCCCTCGAACAAGTC, GGTGAAGGCGCATGTCCGAC

Targeting candidate genes

ADHFE1
BMI1
C170rf90
C180rf32
C4orf31
CDC20
DAB1
DCTN1
DDX42
DSTN
FLOT2
HIPK2
HM13

CTCCAACCGCCTCCCAAACG, TGCGAAGATCGGCTCCCACT
CCCATCCGCGGTTTCCAGTG, CATTTGCGTTCCGCACAGCC
CAACGACGGGCACTGACACTC, TGTGCGTAGTCCAGCCAAACG
GCGGAAAACACAACGCACACAA, TTGCCGCTCTTCAAGGGCCA
CCCAGCAACGATGACGAGGC, TGCAATGGTGGCTCTGCTGC
TCTAAGACGCCAGGAGGCGG, TTGCTGTTGCTCGAGGTGGC
ATCCGGGACGCTTTTTCGGC, CGCCCGGATGGCCATTTTGA
AGCGACACGGCCATTGCAAA, ACGTGCTGATCGCTTGGCAG
TCCATCTGCAACCACGTGCG, TGGCCTCGTTCAGGTCTCCC
GCAACATCGCTACGCGGTCT, TTGGATCCGGCACGTTGCAG
GATCGCGAGCTCACTGGCAC, GGGCACCCTCGATGGTCTGA
AAGGAGTCGCCGGCTCATCA, CGGCGAGCTTTCCTTCACCC
CCTCCTGGTGGCCCTCATCC, TGACGCCCTCGTCCTTCTCC
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IGF2R AACGGAATCGCACCTTCGCC, CGAACGTAGCACGGGCTGTC
IGFALS CCTGTCCGGAGCTCAGTCCC, ATCGCCGTGGAAGACAACGC
LAMTOR31 GCACCGAAGATCCAGGTGCG, GCTGAGGCCATCGGAGTTGC
LAP3 TGTCAGTGCTACGTCGGAACTGA, TCTTCGATTTTCTGTGCCGCTTCA
LMO7 GTACTGGCACATGCCGCTGAT, CGCTCTCTGCCCGATCGACT
MAD1L1 TTCAACCGGCTTTCCGCCTC, AGCCATGGAATCGTTGGCGG
MED14 AGCTCCATTGCCAAGCTGCC, ACGGAAACGCAACTCCAGGC
MORF4L1 GCTTCCACGGACCGCTCATC, TGAGGACTCGGTTCTCGGGC
NEDDS8 TCAAGGAGCGCGTGGAGGAA, TGCACTTTGTAGTCCGCCGC
PARD6G TGATCGGGCGGATCGGAGAA, CGCTTGAAGCTCCACCTCCG
PTRH2 CGGACCAGGATCCCGTGGAA, ACTTGCCGAAGGCCAAACCG
RAB30 AGCCGTTGGCCAGCTAGTGA, TCCTCCATTGGGGATGTTGCCA
RDBP CGGCAACAAGGTCACCGAGG, CGACTCGGGTTTGGCGAAGG
RPS10 AGGCGCCTCCAAAACCGATG, CGTAGCGAGAAGCACGACCG
SCAMP1 TCGCCCGCCTCCTATGTCTG, CCACCGCCTGCACAATCGAG
SMG5 CCAGCGAGTGCGCCATAGAC, CCAGTTGCTTGGAGGCGGTG
TEX261 CTGGGATGGGTTTCGCTGGC, GATGCACTTCCTAGCCGCCG
TMEM135 TGCAGTTGGGATTGGCGCTG, GCCGGAATGGCGAAGAGAGC
TRAPPC9 ACGGGGACGGACATTCAGGG, GCTGCACGAGCGTGTCTTGA
TRMT2A GGTGCGCGAAGCTCTCTACG, TCGGCTGATCGAATTGCGGC
UCK2 TCGAGGAGTTCTGCTCGCCC, TGTGCGCTGTTGGTAGTGGC
ZBTB20 CTGGCGATGTGTCCGGTTCG, GCGGCTTGTAACACGGACGA
ZNF800 GCTGACCTTTCTGCAGGCCG, GCCCTTCGGCTGCACATCTC

1 Primers were all generated by Invitrogen, Germany

The raw data generated by iQ5 software (Ct values) were analysed according to
Vandesompele et al. [244] using either ACt or AACt analysis. For quantifications of Tau
transcript levels (dTau and hTau, chapter 3.1.3), measurements were performed using
mRNA levels of actin5C for normalisation. Significance was tested using t-test analysis in
GraphPad Prism. Measurements of RNAi effects (chapter 3.3.5) were normalised with a
normalisation factor combining transcript levels of elav and rp49. One-sample t-test was

calculated using GraphPad Prism comparing results to a hypothetical mean of 1.0.

2.10 Immunochemical evaluation of protein levels

All protein blot analyses were done using the same protocol. Adult fly heads were
lysed in 2 x Laemmli lysis buffer (10 ul per head) in the speedmill. Lysates were incubated

for 5 minutes at 95 °C and stored at -20 °C. Prior to electrophoresis, heat treatment was
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repeated. Proteins were separated in 10 % SDS gels using running buffer (Table 3, 1.5
hours at 100 V) and transferred to nitrocellulose membrane in a semi-dry blotter using
transfer buffer (Table 3, one hour at 225 mA per blot). Nitrocellulose membranes were
blocked with skim milk (0.5 % in TBS) for one hour and incubated with primary
antibodies over night at 4 °C (in TBS with 0.05 % skim milk, antibody concentrations as
listed in Table 10). After washing steps (thrice 5 minutes in TBS-T), blots were incubated
with horseradish peroxidase-coupled gamlgG secondary antibody in TBS containing
0.05 % skim milk for one hour at RT. After washing steps (thrice 5 minutes in TBS-T) blots
were incubated with Immun-Star™ chemiluminescence reagent and analysed with
Alliance LD4 documentation system and Alliance UVItec software. For quantification of

band intensity BioDoc Analyse software was used.

Table 10: Antibodies used for immunoblotting

Antibody Recognises Used concentration obtained from
primary antibodies

AT8 Tau with phosphorylation of Ser202 and Thr205 1:250 Abcam

AT180 Tau with phosphorylation of Thr231 1:250 Abcam

AT270 Tau with phosphorylation of Thr181 1:250 Abcam

5A6 pan-hTau 1:100 DSHB

8C3 Syntaxin 1:5,000 DSHB
secondary antibody

goamlgG mouse Immunglobulin (HRP coupled antibody) 1:10,000 Pierce

2.11 Immunhistochemical staining of paraffin sections

Heads of adult female flies were fixated in 4 % PFA for 60 minutes before they were
dehydrated (30 minutes in each: 70 %, 80 %, 90 %, twice in 100 % ethanol). After 60
minutes incubation in methylbenzoat fly heads were incubated for three times 30 minutes
in 62 °C paraffin before they were embedded and paraffin was hardened over night at RT.
Embedded fly heads were cut into 5 pum thick frontal sections using a Thermo Scientific
microtome. Sections were incubated twice for 20 minutes in Xylol, rehydrated (five
minutes in each: twice in 100 %, 90 %, 80 %, 70 %) and then incubated for five minutes in
PBS. A denaturing step was carried out in citrate buffer (Table 3) for 10 minutes at 1000

W in a microwave oven. Afterwards sections were again washed in PBS for five minutes,
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blocked for 30 minutes in 3 % NGS and incubated over night at 4 °C with the primary
antibody in PBS (concentration as listed in Table 11). After washing for five minutes in
PBS, sections were incubated for 30 minutes with Alexa488-coupled secondary antibody
in PBS (according to Table 11) followed by a last washing step in PBS for five minutes, and
mounting using Fluoromount. Images shown in this work were taken with the Olympus

BX51 and the Cell-F software.

Table 11: Antibodies used for immunohistochemical stainings

Antibody Species Recognises Used concentration Obtained from
primary antibodies

TauC3 mouse Tau truncated at amino acid 421 1:100 Abcam

Lamp1 rabbit lysosomal protein Lamp1 1:1000 Abcam

5A6 mouse pan-hTau 1:1000 DSHB
secondary antibodies

amlgG(488) goat mouse Immunglobulin (Alexa488) 1:500 Invitrogen
arblgG(488) goat rabbit Immunglobulin (Alexa488) 1:500 Invitrogen

2.12 Immunohistochemical stainings in Drosophila larval motorneurons

Filet preparations for stainings of Drosophila larval motorneurons were performed
according to Sullivan and Ashburner [243]. L3 larvae were covered with HL3 buffer
(Table 3). The bodywall was cut at a medial longitudinal line at the dorsal side, pinned
down and inner organs were removed except from CNS and segmental nerves. Afterwards
HL3 medium was replaced by 4 % PFA and filets were fixated for ten minutes. Fixative
then was replaced by PBT. Filets were transferred into an reaction vial, blocked for 30
minutes in PBT containing 5 % NGS on a rotating wheel (applies to all incubation steps)
and incubated with primary antibodies (see Table 12) in PBT containing 5 % NGS over
night at 4 °C. Filets were washed three times for 20 minutes in PBT, incubated with
secondary antibodies in PBT containing 5 % NGS (antibody concentrations see Table 12)
for two hours at RT, washed thrice for 20 minutes in PBT and incubated for 30 minutes at
4 °C in Vectashield mounting medium. Finally, samples were placed on glass slides and

mounted with Vectashield.
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For evaluation of NM] morphology z-stacks taken with the Zeiss Axiovert
microscope, were combined to maximum projections and coloured with pseudo-colours

using the ZEN 2009 software.

Table 12: Antibodies used in stainings of larval motorneurons

Antibody Species Recognises Used concentration obtained from

primary antibodies

12G10 mouse alpha-Tubulin 1:10 DSHB

6D6 mouse CSP (synaptic vesicles) 1:50 DSHB

5A6 mouse pan-hTau 1:500 DSHB

secondary antibodies

amlgG(488) goat mouse Immunglobulin (Alexa488) 1:500 Invitrogen

HRP-Cy3 rabbit neuronal membranes 1:500 Jackson
ImmunoResearch

2.13 Quantification of CSP accumulations in segmental nerves

For quantification of larval segmental nerves (dissection see 2.12) affected by CSP
accumulations, pseudo z-stacks of a 20x visual field of all present segmental nerves
proximal to the ventral ganglion were generated (5 images automatically shifted 3 pm
along the z-axis as a stack, Axiovision software). For every genotype five larvae were
analysed. The image files were then analysed in a blinded manner. For every image stack
all segmental nerves and segmental nerves affected by obvious CSP accumulations were

counted using Image] software.

2.14 In vivo time-lapse quantifications of axonal transport

In vivo analysis of transport was performed as described previously [245]. In order
to analyse axonal transport, mitoGFP (labels mitochondria with GFP [246]) was
expressed in motorneurons together with Tau[R406W] and shRNAs under control of D42-
Gal4 [247]. Expressing of only mitoGFP were analysed as a control. Larvae were
anaesthetised using desflurane and mounted on the imaging chamber. For imaging, a
Zeiss Axiovert microscope with a LSM710 scan head and a Plan-Apochromatix X63 oil
0.55 NA objective was utilised. Imaging was performed at 19 °C. A small segment of a

segmental nerve proximal to the larval ventral ganglion was bleached and movement of
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GFP-labelled mitochondria was recorded in this bleached area. Movies were recorded
using the ZEN 2009 software and analysed using the freeware Image].

Measurements of speeds were performed using two imaginary lines crossing the
nerve within the bleached area. In the movies taken, time is measured for GFP positive
particles to travel from one line to another (t). The measured distance (d) of the two lines
is used to calculate the speed (v) of transport. This is done for particles travelling in both

directions, resembling anterograde and retrograde axonal transport, respectively.

] _ dlm]
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In order to quantify the rates of axonal transport particles are counted crossing an
imaginary line in the bleached area. Moving particles for both directions were counted
representing anterograde and retrograde axonal transport, respectively. Transport rates
are calculated as number of particles (N) crossing this line per time frame (t). For increase
in information value, the calculations are corrected for the diameter of the segmental
nerve to have an estimation of rates passing the line in the whole cross section. The
diameter of the recorded nerve (dr) and the mean diameter of segmental nerves (du=57

um) are included in the calculation.
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3 Results

As described in chapter 1.9 the aim of this work is to identify modifiers of Tau
induced pathology. This was done in a genetic modifier screen using an RNAi-based
approach and the REP induced by Tau as a readout (see chapter 1.8.1). Thus,
characterisations of the used transgenes were performed according to their REP induction

and life span.

3.1 Characterisation of the used Drosophila transgenes

Two transgenic lines modelling Tau-induced toxicity were kindly provided by Mel
Feany [125]. The two transgenes Tau[WT] (P{w[+mC]=UAS-hTau[WT]}) and Tau[R406W]
(P{w[+mC]=UAS-hTau[R406W]}) were used to model Tau-induced neurodegeneration
(FTDP-17). Besides Tau, two other transgenes were evaluated for induction of a REP,
when expressed in the compound eye: ABs2 (P{[+mC]=UAS-Ap4+z2}) used to model amyloid-
induced AD [241] and Q7s (P{[+mC]=UAS-M]D.tr-Q78}) used to model the poly-glutamine
disease spinocerebellar ataxia type 3 [248]. These two Tau unrelated transgenes were

utilised to analyse specificity of found modifiers for Tau pathology.

3.1.1 Rough eye phenotypes of the models

For the evaluation of transgene-induced toxicity in photoreceptors, the transgenes
were expressed in post-mitotic cells of the compound eye (GMR-Gal4 [233]). Several
controls for eye appearance were used (Figure 9 A-D). In contrast to the wildtype eye
phenotype (Figure 9 A), a very subtle REP was visible after GMR mediated Gal4
expression (Figure 9 B). Comparable phenotypes could be observed in GFP expression
(transgene P{[+mC(]=UAS-eGFP}4) and transcription of a control shRNA (shRNA directed
against ZIC4) (Figure 9 C, D).

GMR-Gal4 mediated expression of Tau[WT] and Tau[R406W] showed a severe REP,
with loss of texture and reduced size of the compound eye (Figure 9 E, F). In flies
expressing Tau[R406W], necrotic spots in the eye could be observed occasionally. Since
the Tau[R406W]-induced phenotype was found to be more robust, with only minor inter-
individual differences compared to Tau[WT], GMR-mediated expression of the mutant
variant Tau[R406W] was chosen for further analysis and the modifier screen.

The REP induced by expression of Af42 (Figure 9 G) did not differ from the control
phenotypes (Figure 9 B-D) (in contrast to published data [241]). Nevertheless,
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enhancement of the phenotype induced by modifiers should be observable. Expression of
Q7s (a C-terminal fragment of M]D containing a stretch of 78 glutamines) induced a severe
REP. Although the eye size is not affected by Q7s expression, texture and ommatidial

structure are impaired and dints as well as necrotic spots occur (Figure 9 H).

Figure 9: Phenotypes induced by GMR-mediated expression of the different transgenes.

Compound eye phenotypes of wildtype flies (A), control situations (B-D) and flies expressing transgenes
modelling neurodegenerative diseases (E-H). Compared to wildtype flies (A), the GMR-Gal4 driver alone
induces a subtle REP (B), which is also present in GMR-Gal4 mediated GFP expression (C) and control
shRNA transcription (D). Expression of either Tau[WT] (E) or Tau[R406W] (F) induces a severe REP with
disturbances of ommatidial structure and eye size. The REP induced by Gal4-mediated expression of Afaz
(@) is not distinguishable from the phenotypes of control situations. Severe changes of eye texture,
accompanied by dints and necrotic spots are found in expression of the Q7s fragment (H). Orientation of the
images is dorsal-up and cranial-left. The magnification is depicted in D (bar = 200pum).

3.1.2 Developmental effects of Tau expression

As the REP is a sign of neurodegeneration already present after hatching of the adult
fly, larval eye progenitors were examined to determine the onset of neurodegenerative
effects. The structure in Drosophila L3 larvae, which will form the compound eye, is called
eye imaginal disc. The eye imaginal disc is a two-layered epithelial sack-like structure
connected posterior to the optic lobes and anterior to the antenna imaginal disc (Figure 10
A). During development specification of neurons takes place in a spatiotemporal order
starting posterior. The so called morphogenic furrow (MF) represents the border of

neuron specification dividing post-mitotic neuronal precursor cells on the posterior and
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yet unspecified cells on the anterior side is [249, 250]. The GMR-mediated expression of
transgenes is specific for post-mitotic cells posterior of the MF (Figure 10 B). Loss of cells
leading to the REP observed in adult flies might be already visible in the imaginal disc of
the Drosophila compound eye [229, 251]. To examine cell death events induced by Tau
expression, eye disc of Drosophila were stained with acridine orange (AO). AO labels
dying cells in situ, due to their inability to exclude AO. In these cells AO intercalates into
DNA resulting in green fluorescence signal [252].

Eye imaginal discs of GMR-Gal4 flies, showed a small number of AO positive cells
directly at the morphogenic furrow where supernumerary cells are eliminated (Figure 10
C). In eye imaginal discs with GMR-Gal4-induced Tau[R406W] expression an increased
number of AO positive cells was detectable in the area posterior of the morphogenic
furrow (Figure 10 D), suggesting that toxic effects of Tau[R406W] already induce cell
death in the developing eye of Drosophila and are not exclusively mediated by long-term

accumulation of a toxic protein species.

GMR-Gal4

Figure 10: Developmental effects of Tau[R406W] expression in the eye imaginal disc of Drosophila.

Schematic view of the antenna imaginal disc (AID) and the eye imaginal disc (EID) (A). The morphogenic
furrow (MF) is the border of cell differentiation starting posterior (post.). The differentiation results in post-
mitotic neuronal precursor cells (N) posterior of the MF. These resemble the area of GMR-Gal4-mediated
expression (grey), also visible in GMR-driven GFP expression (B). In GMR-Gal4 flies AO-positive cells
undergoing apoptosis are found directly at the MF (C). In eye imaginal discs with GMR-mediated expression
of Tau[R406W] an increased number of AO-positive cells are found which are not restricted to the MF (D).
Orientation of the images is anterior-left and dorsal-up. Magnification is depicted in A (bar = 150 pm). B is
an overlay of brightfield and fluorescence microscopy.
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3.1.3 Comparison of Tau expression levels

To evaluate the expression levels in the screening stock, quantitative PCR (qPCR)
analysis was performed. Transcript levels of endogenous Drosophila Tau (dTau) as well
exogenous transgene Tau[R406W] (human Tau hTau) were quantified in RNA extracts
from heads of flies expressing Tau[R406W] under control of the pan-neural elav‘?55-Gal4
driver. As a control, the driver line was used without any transgene expression. AACt
analysis revealed no significant change of endogenous dTau mRNA levels in Tau[R406W]
expressing flies, compared to control flies, normalised to ACTG1 (Actin 5C) (Figure 11 A).
To evaluate Tau[R406W] transcript levels ACt analysis was performed comparing
Tau[R406W] mRNA to dTau mRNA. Transcript levels of transgenic Tau[R406W] were
significantly increased (1.8-fold, p=0.0006) compared to measured dTau mRNA levels
(Figure 11 B).
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Figure 11: Tau mRNA levels in the used Tau[R406W] model.

(A) The effect of elav-driven Tau[R406W] expression on endogenous dTau mRNA levels in total RNA
preparations from the head. No significant change is measurable. (B) Comparison of dTau and Tau[R406W]
mRNA levels in total RNA preparations from head in flies with elav-driven Tau[R406W] expression. The
Tau[R406W] transgene has 1.8 times higher transcription levels compared to endogenous dTau (standard t-
test: *** p<0.001).
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3.1.4 Longevity of the disease models

Human neurodegenerative diseases are progressive disorders with ongoing loss of
neuronal function, leading to reduced life span. This can also be modelled in Drosophila
[125, 241, 248]. Therefore, transgenes are expressed via pan-neural elav¢?55-Gal4 driver.
Compared to GFP expression as a control, both Tau[R406W] and AP42 expression led to a
significant decrease in life span (Figure 12 A). Pan-neural expression of Q7g under control
of elav®?>>-Gal4 was already lethal during pupal stage and therefore could not be used for

longevity analysis.
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Figure 12: Longevity of the disease models.

Kaplan-Meyer analysis of life expectancies. Pan-neural expression of GFP (green), APs4. (orange) and
Tau[R406W] (red). In comparison to GFP expression Af4, and Tau[R406W] expression led to significant
decreases of median survival (GFP 38 days, A4z 20 days and Tau[R406W] 14 days). Significances depicted
on the bottom are Log-Rank test results corrected for multiple testing using the Bonferroni method. (***
p<0.001)

3.2 Database for a high-throughput screen

As large amounts of data were obtained from the modifier screen, I created a web-
based database for handling shRNA information and screening results. The database itself
was programmed using the relational database management system MySQL. The
browser-based user interface was programmed in php language. It facilitates data
implementation of the VDRC-derived RNAI fly lines and documentation of all results by

user-friendly forms. All fly lines were entered into the database and obtained an internal
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number to create a blinded experiment situation. Besides data storage and stock-
handling, the database could be used to collect information about single shRNA from
VDRC and Flybase. Therefore information of the RNAI line like chromosomal integration
site, viability and specificity are available, as well as detailed information about the target
gene. This database provided the opportunity to collect results without the necessity of
handling complicated paperless lists. In addition, results could be exported and even
graphically visualised by the database. Thereby it minimised time for data handling and

facilitated communication of results to colleagues and cooperation partners.

3.3 The Screen

As mentioned before the conducted modifier screen was based on an RNAI
approach. Therefore a sub-library of the Vienna Drosophila RNAi centre (VDRC) was
obtained with 7881 transgenic lines coding for shRNAs directed against all Drosophila
genes known to have a human homologue (complete list in appendix). The conducted
primary screen can be separated in several phases. First these 7881 lines were evaluated
for induction of obvious phenotypic changes by the shRNAs themselves. The RNAi lines
that did not induce Tau-unrelated effects were then evaluated according to modifications
of the Tau[R406W]-induced REP. The RNAIi lines that induced obvious modifications
(from now on termed candidates) were additionally analysed for their ability to modify
Tau-unrelated REPs induced by expression of AB42 and Q7s. To verify effects induced by
knockdown of the candidate target genes, reproduction of the effects by additional
systems was used where available (misexpression lines, deficiency lines, classical alleles
and additional RNAI lines). In parallel I tried to quantify the RNAi effect of candidate
shRNAs using qPCR.

3.3.1 Exclusion of RNAI lines inducing phenotypic changes in the absence of Tau

To screen for RNAI lines inducing unspecific effects, the RNAi lines (UAS-shRNA)
were crossbred to GMR-Gal4 driver line. The F1 generation with GMR-mediated
expression of the shRNA was evaluated for obvious changes in eye phenotype. 7780 of the
7881 RNAI lines could be analysed. 857 RNAI lines did induce obvious changes in the eye
phenotype and were excluded from the screen (Figure 13). The remaining 6923 RNAIi
lines did not induce obvious effects and were used for analysis in the modifier screen (see

chapter 3.3.2).
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3.3.2 Primary screen

To identify genes modifying Tau-induced toxicity, the RNAIi lines were crossbred to
flies expressing Tau[R406W] in the compound eye of Drosophila (GMR_Tau[R406W]). The
offspring co-expressing Tau[R406W] an shRNAs mediated by GMR-Gal4 was then
analysed regarding modifications of the Tau[R406W]-induced REP. Of the 6923 analysed
34 could not be analysed, RNAi lines 6816 did not show any changes in the Tau[R406W]-
induced REP, 15 did show an obvious suppression and 58 an obvious enhancement
(including lethality) of the model phenotype (Figure 13 A, images in appendix). These
results were confirmed by three independent experiments. In addition, 585 RNAI lines
induced subtle effects (suppression: 140; enhancement: 445).

A rough categorisation of the 73 candidates by their annotated predicted function
(GO process terms from [253]) revealed four major categories. 25 candidates can be
associated to general mechanisms in protein anabolism and catabolism, ten candidates
are involved in intracellular transport mechanisms and five have a kinase or phosphatase

function. The other 33 candidates are listed as miscellaneous (Figure 13 B and Table 13).

3.3.3 Specificity of RNAI effects for Tau-induced REP
In addition, the 73 candidate target genes were silenced in flies expressing either

A4z or Q7s in the compound eye to evaluate the specificity of candidates for Tau patho-

Suppression
/_ 0.2% (15)
— Enhancement Kinases & —
0.7 % (58) Phosphatases

7 % (5)

— Effects in control

11 % (857)
Miscellaneous
Transport —— 45 % (33)
~~— Not analysed 14 % (10)
2% (135)

Figure 13: Summary of the screen results and the obtained candidates.

(A) Results of the primary screen. Of 7881 RNAI lines, 155 have not been analysed, 857 were excluded due
to Tau-unrelated effects in the control and 6796 did not show a modification of the Tau-induced REP. Only
73 of the RNAI lines produced an obvious modification: 15 led to a suppression of the screening phenotype
and 58 led to an obvious enhancement. (B) A rough characterisation by known function of the 73 candidate
target genes. 25 candidates are directly involved in protein anabolism and catabolism, five are known to act
as kinases or phosphatases and ten are directly involved in intracellular transport processes. The additional
33 candidates have unknown or diverse functions are depicted as miscellaneous.
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mechanisms. Knockdown of 47 candidate genes did not induce phenotypic modifications
in the two additional models, but either analogous or contrary results could be observed
for single candidates in the two lines independently (Table 13). In GMR-mediated
expression of AP42, four enhancers showed an analogous effect (two of transport group,
one of protein anabolism and catabolism group, one miscellaneous). The phenotype of
flies expressing Q7s was modified by candidate knockdown in the same direction in 21
cases (one of transport group, 11 of protein anabolism and catabolism, one of
kinases/phosphatases group and eight miscellaneous) and in the opposite direction in

two cases (one of protein anabolism and catabolism and one miscellaneous) (Table 13).

Table 13: List of candidates modifying Tau-induced REP in Drosophila melanogaster.

Drosophila Human ho-

genes mologueb Involved in Process¢ Taud  Confirmed bye Af Qs
Transport

Lerp IGF2R lysosomal transport E E -
Gl DCTN1 microtubule-based transport E Add. RNAi lines - -
Dmn DCTN2 microtubule-based transport E NIG-Fly 8269R-3 - -
Dhc93AB DNAH17 microtubule-based transport E Df(3R)e-R1 - -
alphaTub84B TUBA1A microtubule-based transport E Add. RNAi lines - -
alphaTub67C TUBA1C microtubule-based transport E Add. RNAi lines - -
Rab30 RAB30 protein transport E E E
Scamp SCAMP1 protein transport E - -
CG14621 SLC35E1 transport S - -
g AP3D1 vesicle-mediated transport E g[1] - -
Protein anabolism and catabolism

Aats-his HARS gene expression E - E
MED14 MED14 gene expression E Df(3L)emc-E12 - E
Prp8 PRPF8 gene expression E Df(2R)BSC40 - E
Nelf-E RDBP gene expression E - E
RpS10a RPS10 gene expression E - E
CG11985 SF3B5 gene expression E - E
Elongin-B TCEB2 gene expression E - -
Spp HM13 membrane protein proteolysis E Df(2L)ast2 - -
snRNP-U1-C SNRPC nuclear mRNA splicing E - -
Prosalpha7 PSMA3 protein catabolism E - -
Prosbeta2 PSMB7 protein catabolism E EPEFP3067 - E
Rpn9 PSMD13 protein catabolism E Df(3R)mbc-R1 - E
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g;(l)::)phila ::::ll::;?le};o' Involved in Process¢ Taud  Confirmed bye Af Qs
CG6418 DDX42 protein localisation S - -
CG31534 LMO7 protein ubiquitination S - -
CG32351 LAP3 proteolysis S - -
Nedd8 NEDDS8 proteolysis E E -
bic BTF3L4 regulation of transcription E Df(2R)CX1 - E
MRG15 MORF4L1 regulation of transcription S - S
Ferl PTF1A regulation of transcription E - -
lola ZBTB20 regulation of transcription S EPEP2537 - -
CG10979 ZNF800 regulation of transcription E - -
Cwc25 CWC25 RNA processing E Df(2L)C144 - -
CG3808 TRMTZ2A RNA processing E - S
Hop STIP1 stress response S - S
CG17327 PTRH2 translation E - -
Kinases/Phosphatases
hipk HIPK2 protein phosphorylation E Df(3L)emc-F12 - -
hep MAP2K7 protein phosphorylation S - -
CG32666 STK17A protein phosphorylation E - -
CG6364 UCK2 protein phosphorylation E NIG-Fly 6364R-2 - E
CG6330 UPP2 uridine metabolism E - -
Miscellaneous
CG5500 C170rf90 - S - -
CG5986 Clorf55 - E - -
CG31259 TMEM135 - S - -
CG6873 DSTN actin polymerisation E - E
Su(z)2 BMI1 brain development E Df(2R)CX1 - -
Nrx-1V CNTNAP2 cell adhesion E - E
Flo-2 FLOT2 cell adhesion E - -
CG7896 IGFALS cell adhesion E - -
Cyc] CCN]J cell cycle E - E
fzy CDC20 cell cycle E Df(2L)r10 - -
Mad1 MAD1L1 cell cycle S - -
CG8086 ODF3 cell differentiation E E E
bru TRAPPC9 cell differentiation E - E
Shroom SHROOM3 cell morphogenesis S - -
CGB664 PCLO cytoskeleton organisation E - -
CG8108 ClzZ1 DNA replication E - E
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g;(l)::)phila ::::::;?le};o' Involved in Process¢ Taud Confirmed bye Af Qg
Snp ERI2 exonuclease activity E - -
nord C4orf31 extracellular matrix organisation S - -
Apf NUDT2 induction of apoptosis E - -
Vhalé ATP6VOC insulin receptor signaling E - -
Vha36 ATP6V1D insulin receptor signaling E - -
CG32442 ARV1 lipid metabolism E Df(3L)ED4978 - -
CG14184 LAMTOR1 lysosome organisation E - -
krz ARRB1 MAPK signaling pathway E - -
Ard1 NAA10 metabolic process E - E
Dab DAB1 nervous system development E - S
Smg5 SMG5 nonsense-mediated mRNA decay E - E
T3dh ADHFE1 oxidation-reduction process E Df(2R)X58-12 -
CG3500 TEX261 regulation of apoptosis E Df(2R)vir130, - -

EPEY00630
CG42788 FRMPD4 regulation of synapse plasticity S - -
CG18508 C180rf32 signal transduction S - -
Gdi GDI1 signal transduction E - -
par-6 PARD6G tight junction assembly E - -

a Drosophila gene according to the official symbol listed in the Gene database of NCBI [239].
b Human homologue as listed in the HomoloGene database [142], or found by BLAST analysis [143]. Official symbol

as listed in the Gene database of NCBI [239].
¢ Selected GO terms (process) as listed in the Gene Ontology Annotation database [253].

d Obvious modification of Tau[R406W]-induced Rough Eye Phenotype; Enhancement (E), Suppression (S).

e Modification confirmed by an additional shRNA construct (VDRC, Bloomington or NIG), an amorphic allele,
misexpression transgenes (EP) or deficienty lines (Df).

f Obvious modification of ABsz-induced Rough Eye Phenotype; Enhancement (E), Suppression (S).

g Obvious modification of Q7s-induced Rough Eye Phenotype; Enhancement (E), Suppression (S).

3.3.4 \Verification of the RNAI effects

For verification of the candidates from the primary screen effects on Tau[R406W]-

induced REP were reproduced by additional approaches, where available. These were

amorphic alleles, misexpression transgenes, deficiencies or other RNAi lines directed

against the candidate target genes. Lines for verification were obtained for 38 of the 73

candidates (List of used lines in appendix). For 21 candidates the modification of the REP

could be reproduced, in 12 cases by a deficiency line, in 3 cases by misexpression

transgenes, in 5 cases by additional shRNA constructs (from VDRC, Bloomington or NIG)

and in 1 case the effect could be reproduced by an amorphic allele (Table 13).
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3.3.5 Quantification of the RNAi effects

To evaluate RNAi effects by candidate

shRNAs from the primary screen,

quantifications of target mRNA levels were
performed using quantitative PCR (qPCR)
analysis of reverse transcribed RNA. The
RNA was isolated from fly heads with pan-
neural expression of respective shRNAs. In
nine cases, pan-neural expression of the
shRNA

candidate induced

lethality. A
random selection of 36 candidate shRNAs

not inducing lethality in pan-neural

expression was analysed. Significant
reduction of target mRNA levels could only
be measured in 31 % of analysed shRNAs

(Figure 14 and Table 13).

Table 14: shRNAs showing a significant
decrease of target mRNA after pan-neural
expression.

shRNA Fold mRNA

against level2 P-value®
IGFALS 0.560 0,0246
DDX42 0.342 0,0042
SMG5 0.270 0,0418
PARD6G 0.263 0,0089
HM13 0.257 0,0043
FLOT2 0.207 0,0037
RDBP 0.203 0,0023
C170rf90 0.085 0,0005
TEX261 0.073 0,0002
SCAMP1 0.008 <0.0001
PTRH2 0.005 <0.0001

acompared to expression of a control shRNA.
b Results of a one sample t-test comparing results
to a hypothetical mean of 1.0.
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Figure 14: Quantification of RNAIi effects by candidate shRNAs.

To evaluate the RNAi effect induced by candidate shRNAs qPCR analysis was conducted. Target gene mRNA
levels were measured in head RNA preparations of flies pan-neurally expressing the shRNAs and compared
to target gene mRNA levels in flies expressing a control shRNA (directed against LRP2). Levels were
normalised to elav and rp49 transcripts. To analyse significances one-sample t-tests were run comparing the

fold change to a hypothetical mean of 1.0: * p<0.05.
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3.4 Candidates modifying cellular Tau protein levels

To characterise the ability of candidates to change cellular levels of Tau protein,
western blot analysis was performed using the pan-Tau antibody 5A6. A random selection
of 10 candidates from the protein anabolism and catabolism group and 3 candidates from
the transport group was analysed. Candidate shRNA modifying the intracellular Tau
protein levels in pan-neuronal expression of Tau[R406W] were identified by
quantification of 5A6 band intensity. Quantifications were normalised to band intensity of
Syntaxin, a protein found in neuronal membranes (antibody 8C3). Co-expression of the 13
candidate shRNAs with Tau[R406W] resulted in a notably increase of Tau protein in one
case (knockdown of CDC20) and led to decreased Tau levels in two cases (knockdown of
STIP1 and LAMTOR1) (Figure 15). Knockdown of CDC20 increasing Tau protein levels,
was found to enhance Tau-induced REP in the primary screen. The shRNA directed
against STIP1 decreasing Tau levels has been identified as suppressing the Tau[R406W]-
induced REP. However, knockdown of LAMTOR1 resulted in a decrease of 5A6 band

intensity, although it was identified to enhance Tau pathology in the compound eye.
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Figure 15: Alterations in Tau protein levels induced by knockdown of candidate genes.

Immunoblot and quantification of head lysates from flies pan-neurally expressing Tau[R406W] and
candidate shRNAs, probed for pan-hTau (antibody 5A6) and Syntaxin (for normalisation, antibody 8C3).
Results revealed changes in intracellular Tau protein levels due to candidate gene knockdown. Ten
candidate shRNAs of protein anabolism and catabolism group and three of transport group were analysed.
Plot shows notably increase of hTau protein levels after knockdown of CDC20 and a decrease after
knockdown of STIP1 and LAMTOR1 compared to mean levels. Significance was not tested, as analysis was
only reproduced once.
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3.5 Comparing Tau variants using site-directed integration transgenes

For direct comparison of different Tau variants, additional transgenes were utilised.
These were generated by site-directed integration of the transgenes using the ¢C31
integrase. This technique is used to generate transgenes with comparable transcription
levels [242]. To compare effects on Tau[WT] and Tau[R406W] induced REP two lines
were generated with integration of transgenes Tau/WT] and Tau[R406W]: attB_Tau[WT]
(PBac{attB[+mC]=UAS-hTau[WT]}VK00013), attB_Tau[R406W] (PBac{attB[+mC]=UAS-
hTau[R406W]}VK00013). In addition two site-directed integrations of transgenes were
generated with the two Tau variants Tau[AP] and Tau[E14] mimicking different Tau
phosphorylation states (see chapter 1.8.2): attB_Tau[AP] (PBac{attB[+mC]=UAS-
hTau[AP]}VK00013) and attB_Tau[E14] (PBac{attB[+mC]=UAS-hTau[E14]}VK00013).
These four site-directed integration transgenes were first also analysed for their
neurodegenerative characteristics.

GMR-mediated expression of the site-directed integration transgenes led to very
subtle REPs (Figure 16). The REPs of the site-directed integration transgenes differ from
the REP induced by the random integration of Tau[R406W] (Figure 9) as they show
reduced Tau expression levels (data not shown). Although the transgenes produced
comparable phenotypes, the wildtype variant seems to induce a slightly less (Figure 16 A),
the R406W mutant a slightly enhanced REP (Figure 16 B), compared to the two
expression of the two Tau variants mimicking different phosphorylation states:
attB_Tau[AP]! and attB_Tau[E14] (Figure 16 C and D). qPCR analysis was also used to
compare hTau transcript levels of the four transgenes attB_Tau[WT], attB_Tau[R406W],
attB_Tau[AP] and attB_Tau[E14]. Pan-neural expression of attB_Tau[AP] resulted in
lethality, therefore head RNA preparations were obtained from flies with attB-Tau
expression mediated by GMR-Gal4. As the eye sizes of flies expressing the different Tau
variants are comparable (chapter 3.1.1), head RNA samples should be comparable,
although expression is restricted to the compound eye. However, transcript levels of hTau
differed in GMR-mediated expression of the attB_Tau transgenes (Figure 17 A). Compared
to the wildtype variant, expression of attB_Tau[R406W] and attB_Tau[E14] resulted in
significantly decreased mRNA levels, while attB_Tau[AP] expression showed a notable,

although not significant, increase of transcript levels.

1 To differentiate between hTau protein expressed by random and by site directed
integration transgenes, the latter are referred to as attB_Tau.
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attB-Tau[WT] attB-Tau[R406W] attB-Tau[AP] attB-Tau[E14]

Figure 16: Rough eye phenotypes induced by expression of the site-directed integration transgenes
with different Tau variants.

Compound eye phenotypes (imaged using light microscopy (A-D) and scanning electron microscopy (E-H))
after GMR-mediated expression of the site-directed integration transgenes attB_Tau[WT] (A, E),
attB_Tau[R406W] (B, F), attB_Tau[AP] (non-phosphorylatable variant) (C, G) and attB_Tau[E14] (phospho-
mimick variant) (D, H). The different Tau transgenes induce a subtle rough eye phenotype. Although all four
Tau transgenes lead to comparable phenotypes, the wildtype variant seems to produce a slightly less severe
(A), the R406W variant a slightly increased REP (B) compared to the two transgenes mimicking different
phosphorylation states of Tau (attB_Tau[AP] and attB_Tau[E14]) (C and D). Orientation of all images is
dorsal-up and cranial-left. The magnification is depicted in D (bar = 200 pm).
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Figure 17: GMR-mediated Tau expression by attB_Tau variants.

(A) Transcript levels in head RNA preparations of flies with GMR-mediated expression of attB_Tau[WT],
attB_Tau[R406W], attB_Tau[AP] and attB_Tau[E14]. Expression of attB_Tau[R406W] and attB_Tau[E14]
show significantly less mRNA levels compared to wildtype variant and expression of attB_Tau[AP] results in
increased transcript levels (not significant). (B) Quantification of 5A6 (total hTau) band intensity on an
immunoblot of head protein lysates from flies with GMR-mediated expression of the transgenes
attB_Tau[WT], attB_Tau[R406W], attB_Tau[AP] and attB_Tau[E14]. The differences found in protein levels
after GMR-mediated expression reflect measured mRNA levels in attB_Tau[WT] and attB_Tau[AP]. However,
5A6 band intensity is slightly increased in GMR-Gal4-mediated expression of attB_Tau[E14], although
transcript levels are significantly decreased (difference between mRNA and protein level not significant).
Statistics: standard t-test comparing column mean to attB_Tau[WTT]; n.s. not significant, ** p<0.01.
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In addition protein levels of GMR-Gal4-driven expression of the four site-directed
integration transgenes were analysed. Expression of attB_Tau[WT], attB_Tau[R406W] and
attB_Tau[E14] did not result in significant differences of Tau protein levels, although the
differences found resemble the measured mRNA levels (Figure 17 B).

For comparison of differential effects on the life-span of the different Tau variants,
longevities of flies with pan-neural expression of the site directed integration transgenes
were analysed (Figure 12 B). There is no difference in life span of attB_Tau[WT] and
attB_Tau[R406W] expression, with median survival (time point, where 50 % of flies died)
of about 38 days. The phospho-mimic variant Tau[E14] led to a reduction of the median
survival to 20 days (Figure 12 B). Interestingly, pan-neural expression of attB_Tau[AP]

was already lethal in a late pupal stage.
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Figure 18: Longevity of site-directed integration Tau transgenes.

Kaplan-Meyer analysis of life expectancies. Pan-neural expression of attB_Tau[WT] (black),
attB_Tau[R406W] (red) and attB_Tau[E14] (blue). Although the difference is significant, expression of
attB_Tau[WT] and attB_Tau[R406W] led to similar median survivals (attB_Tau[WT] 34 days and
attB_Tau[R406W] 37 days). Expression of attB_Tau[E14] reduces median survival dramatically compared
to wildtype variant (22 days). Notable pan-neural expression of the attB_Tau[AP] induced lethality during
pupal stage. Significances depicted on the bottom are Log-Rank test results corrected for multiple testing
using the Bonferroni method. (* p<0.05, *** p<0.001)
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3.5.1 Specificity of the candidates for Tau[R406W]-induced pathology

As the primary screen was conducted using Tau[R406W] expression, effects of some
candidates might be specific for the Tau[R406W] mutant variant. To evaluate putative
specificity, candidates were analysed for their ability to modify attB_Tau[WT]- compared
to attB_Tau[R406W]-induced REP. Of the 73 candidates identified in the primary screen,
69 were analysed. For only three candidates there was an obvious difference observed
between modification of attB_Tau[WT]- and attB_Tau[R406W]-induced REP (Figure 19).
These three candidate shRNAs induced an enhancement on the primary screen. While

expression of the shRNAs against PSMB7 and CWC25 together with attB_Tau[R406W]
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Figure 19: Secondary screen on candidate specificity for R406W mutation of Tau.

Differences in GMR-mediated REP modification between expression of attB_Tau[R406W] and attB_Tau[WT].
In the first column phenotypes of candidate shRNA and Tau[R406W] co-expression are depicted. In the
second column phenotypes are shown induced by expression of sShRNA and attB_Tau[WT]. A schematic view
of phenotype modification in Tau[WT] compared to Tau[R406W] expressing flies are shown in the third
column (| REP worse, 1 REP improved, —=REP comparable). Orientation of the imaged compound eyes is
anterior-left and dorsal-up. Magnification is depicted in the first row (bar=200 pm).
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resulted in lethality, expression of these shRNAs did not enhance attB_Tau[WT]-induced
REP. Compared to attB_Tau[R406W], knockdown of MED14 enhanced the REP when co-
expressed with attB_Tau[WT].

3.5.2 Candidate effects in phospho-specific Tau models

To evaluate specificity of candidates for Tau phosphorylation status a screen was
conducted comparing the candidate shRNA effects on attB_Tau[R406W]-induced REP to
modification of attB_Tau[AP]- and attB_Tau[E14]-induced REP. Tau[AP] resembles a
variant of Tau, that is not able to be phosphorylated at all 14 known AP/TP
phosphorylation sites. Tau[E14] resembles a phospho-mimick variant, in which all 14
AP /TP phosphorylation sites are mutated to EP (see chapter 1.8.2).

The secondary screen on modifications of GMR-induced REP of the three different
site-directed integration transgenes (attB_Tau[R406W], attB_Tau[AP] and attB_Tau[E14])
was conducted using candidate shRNAs identified in the primary screen. Of the 73
candidates 69 were analysed. Eight showed differences in GMR-Gal4-induced eye
phenotype comparing co-expression of candidate shRNA with attB_Tau[AP] or
attB_Tau[E14] to co-expression with attB_Tau[R406W] (Figure 20). Candidate shRNAs
inducing a different REP in flies expressing non-phosphorylatable attB_Tau[AP] compared
to attB_Tau[R406W] were all identified as enhancers in the primary screen. The shRNAs
directed against TUBA1A, TUBA1C, ERI2, SMG5, ODF3 and SNRPC resulted in a more
pronounced REP when co-expressed with attB_Tau[AP] compared to attB_Tau[R406W]
(SNRPC lethal). While shRNA directed against PSMB7 induced lethality in
attB_Tau[R406W] expressing flies, co-expression with attB_Tau[AP] was viable.

There was only one candidate shRNA, which induced a REP in flies expressing
attB_Tau[E14] (the phospho-mimic variant) compared to attB_Tau[R406W]. Knockdown
of STIP1, suppressing the primary readout did enhance the REP induced by attB_Tau[E14]
expression compared to attB_Tau[R406W].
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Figure 20: Screen on modifiers of REP induced by expression of phospho-mimicking Tau variants.

Differences in candidate shRNA-mediated modification of REPs induced by attB_Tau[R406W], attB_Tau[AP]
and attB_Tau[E14]. In the three first columns the resulting phenotypes are shown. In the last two columns a
schematic overview is given if the REP of Tau[AP] or Tau[E14] is either enhanced or reduced in comparison
to Tau[R406W] (|} REP enhanced, { REP reduced, —=REP comparable). Orientation of the imaged
compound eyes is anterior-left and dorsal-up. Magnification is depicted in the first row (bar=200 pm).
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3.6 Evaluation of Tau phosphorylation due to candidate effects

Of the eight candidates showing differential effects on the REP induced by
expression attB_Tau[R406W], attB_Tau[AP] and attB_Tau[E14] (see chapter 3.5.2), four
could be evaluated for their influences on Tau phosphorylation. Head lysates from flies
with pan-neuronal co-expression of Tau[R406W] and candidate shRNAs were analysed by
western blotting, using three phospho-specific Tau antibodies AT8, AT180 and ATZ270,
each specific for Tau phosphorylated at one (or two) distinct SP or TP site. AT8 recognises
Tau phosphorylated at serine 202 and threonine 205. AT180 is specific for Tau
phosphorylated at threonine 231 and AT270 is able to detect Tau if the threonine at
position 181 is phosphorylated (Figure 8). Antibody 5A6 (hTau) was used to display
levels of Tau regardless to its phosphorylation state. If compared to 5A6 band intensity
immunoblotting revealed no obvious differences in Tau phosphorylation between the four
candidates. Differences rather reflect the difference in cellular Tau[R406W] protein levels
shown by the pan-hTau antibody 5A6 (Figure 21). Immunoblotting was also performed
using AT100 (specific for phosphorylation at Thr212), but no significant antibody signal

was detectable (data not shown).
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Figure 21: Evaluation of selected candidate shRNAs for their impact on Tau phosphorylation.

Using the phospho-specific antibodies AT8 (Ser202/Thr205), AT180 (Thr231) and AT270 (Thr!8l) in
immunoblotting after SDS-page gel electrophoresis shows phosphorylation of Tau protein. Syntaxin is used
for normalisation and 5A6 (pan-hTau) to depict cellular Tau[R406W] level. Differences in phosphorylation
of Tau in all three phospho-epitopes rather reflect overall Tau[R406W] levels.
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3.7 Modification of Tau-induced toxicity by knockdown of the

Dynein/Dynactin transport complex

In the primary screen, ten candidates were identified to modify Tau-induced REP,
which are directly involved in intracellular transport processes. Of these, five candidates
silence components of the Dynein/Dynactin complex, responsible for microtubule-based
retrograde transport (see chapter 1.5.3). These silenced genes are TUBA1A, TUBAIC,
DNAH17, DCTN1 and DCTN2 (Figure 22). Knockdown of three additional genes coding for
subunits of Dynactin showed subtle effects in the primary screen (DCTN4, DCTN5 and
ACTR10). In several experiments | attempted to elucidate the mechanistic correlations

between the Dynein/Dynactin complex and Tau-induced toxicity.

Cargo binding

[l obvious enhancement

subtle enhancement (not listed as candidate)
[O no effects or effects in control

[Ino RNAi line available

Figure 22: The Dynein/Dynactin complex as a modifier of Tau-induced neurodegeneration.

Schematic view of the five candidates identified as enhancing Tau[R406W]-induced REP, which silence
genes coding for components of the Dynein/Dynactin complex: Tubulin o 1a (TUBA1A), Tubulin a 1c
(TUBA1C), one of the numerous Dynein heavy chains (DNAH17), p1506Gued (DCTN1) and Dynamitin
(DCTN2). In addition knockdown of three subunits was found to induce a subtle enhancement: Dynactin
p25 (DCTNS), Dynactin p62 (DCTN4) and the capping protein Arp11 (ACTR10).
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3.7.1 Microtubule network in the motorneuron axon of larvae

Experiments to evaluate axonal transport processes were conducted in
motorneuron axons of L3 larvae. The long axons of motorneurons with distinct
orientation provide the ability to address axonal transport processes easily. Using the
driver line D42-Gal4, expression of Tau and shRNA was restricted to motorneurons. To
first evaluate the base of axonal transport, the microtubule network was characterized.
Expression of neither Tau[R406W], shRNA directed against components of the
Dynein/Dynactin complex nor combined expression led to major changes in the

microtubule network as shown by alpha-Tubulin staining (Figure 23).
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Figure 23: Tubulin network in axons of larval motorneurons.

To compare the microtubule network integrity, segmental nerves were analysed by alpha-Tubulin staining.
(A) Segmental nerves of larvae expressing a control shRNA. Knockdown of DCTN5 found to be a subtle
enhancer in the primary screen, coding for a member of the Dynein/Dynactin complex (B), expression of
Tau[R406W] (C), nor the combination of Tau and shRNA (D) in motorneurons lead to obvious changes in
microtubule network integrity. Magnification is depicted in D (bar=10 pm)

3.7.2 Axonal Tau levels

Knockdown of subunits from the Dynein/Dynactin complex will reduce retrograde
transport in the axon. This might lead to an increased accumulation of Tau in the axon. To
evaluate axonal load of Tau[R406W] protein motorneuron of L3 larvae were stained for
hTau using the 5A6 antibody. However, staining did not show any accumulations in the
axon neither in flies expressing Tau[R406W] nor with combined knockdown of

Dynein/Dynactin components. Notably, neither was there any significant Tau staining
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present in the neuromuscular junctions (NM]Js) of motorneurons, neither with nor
without Dynein/Dynactin complex knockdown. Quantifications to estimate axonal hTau
levels did not show an increase of the staining intensity (normalised to horseradish
peroxidase HRP staining intensity — HRP antibody stains neuronal membranes [254]).
Knockdown of the Dynein/Dynactin machinery even led to a slight reduction of 5A6

staining intensity (Figure 24).
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Figure 24: Tau staining intensity in motorneuron axons after knockdown of members from the
Dynein/Dynactin complex.

To estimate Tau protein load in the axonal compartment of motorneurons, the Tau staining intensity was
quantified and normalised to HRP staining intensity. Tau staining intensity in motorneurons expressing
Tau[R406W] did not increase after knockdown of Dynein/Dynactin complex members. In fact intensity
rather decreased, suggesting decreased axonal Tau levels under impaired retrograde transport conditions.

3.7.3 The morphology of neuromuscular junctions

The NM]s of examined motorneuron axons did not show an obvious staining for Tau
protein. Nevertheless, Tau[R406W] expression resulted in robust changes in NM]
morphology. NM]Js showed slight disturbances of the clear buton-shaped structure
compared to controls (Figure 25 A and B). In addition an antibody against HRP showed an
increased staining intensity in NMJs if an shRNA directed against a component of the
Dynein/Dynactin complex (DCTN5 - shRNA found to be a subtle enhancer of the primary
screen REP) was expressed (Figure 25 C). Both, disturbed morphology and increased HRP
staining intensity could be observed in co-expression of Tau[R406W] and DCTN5 shRNA
(Figure 25 D). The increased HRP staining after knockdown of shRNA directed against

DTCNS5 indicates an increased vesicle load of the synapse induced by the reduced
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retrograde transport. The disturbed morphology might be due to subtle changes in the
microtubule-network due to Tau over-expression, which could not be observed in alpha-

Tubulin stainings (see chapter 3.7.1).

D42-Gal4 D42 > Tau[R406W]

Control
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Figure 25: NM] morphology of Drosophila larval motorneurons.

Pseudo-colour projections of Z-stack images, taken by confocal microscopy. The larval motorneurons were
stained against HRP, labelling neuronal membranes. (A) Expression of a control shRNA reveals the
homogenous staining of the clear button-shaped NM]. (B) Expression of Tau[R406W] disturbs the clear NM]
morphology. (C) Expression of the shRNA directed against DCTN5 does not interfere with morphology, but
increases staining intensity. (D) The combination of Tau[R406W] expression and DCTN5 knockdown leads to
both, disturbances of the button-shaped morphology and increased HRP staining intensity. Colour-code for
pseudo-colour display is depicted on the right. NMJs shown are from motorneurons innervating larval body
wall muscle M4 in segment A3. Orientation of NM]Js is anterior-right and distal-up. Magnification is depicted
in B (bar=10 pm)

3.7.4 Axonal accumulations of transported vesicles

To visualise traffic jams in axonal transport, an antibody against cysteine string
protein (CSP) served as a readout. CSP is a protein found in membranes of synaptic
vesicles. If axonal transport is disturbed, transported vesicles accumulate and can be
detected by staining with an antibody directed against CSP. Drosophila larvae were
analysed expressing either Tau[R406W] or shRNAs directed against components of the
Dynein/Dynactin complex or both, segmental nerves showing CSP accumulations were
quantified. Expression of shRNAs against subunits of the Dynein/Dynactin complex led to
an increase of CSP accumulations compared to expression of a control shRNA (ABCG4)
(Figure 26 A). In larval motorneurons expressing Tau[R406W] a significant increase of
CSP accumulation could only be observed in combination with knockdown of ACTR10
(Arp1l1 - found as a subtle enhancer in the primary screen) (Figure 26 B). Comparison of

accumulations in motorneurons expressing solely shRNA and accumulations in cells co-
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expressing shRNA and Tau[R406W] did not reveal significant differences (Figure 26 C).
An exception was knockdown of DCTN1. Expression of DCTN1 shRNA in motorneurons
led to a significant increase of CSP accumulation in segmental nerves compared to
knockdown of the control shRNA (Figure 26 A). However co-expression of DCTN1 shRNA
and Tau[R406W] led to significantly fewer CSP accumulations (Figure 26 C).
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Figure 26: CSP accumulations in motorneurons of Drosophila larval segmental nerves.

Quantifications of larval segmental nerves with CSP accumulations. Segmental nerves of larvae with
motorneuronal expression of shRNAs, Tau[R406W] or combination of both were analysed. (A)
Quantification of CSP accumulations in larva expressing shRNA against members of the Dynein/Dynactin
complex in motorneurons. (B) CSP accumulations found in segmental nerves of larvae with combined
expression of Tau[R406W] and the shRNAs. (C) Combined plot of quantifications in larvae coding for the
shRNAs without (light grey) and with Tau[R406W] expression (dark). The statistics depicted in A and B
are t-tests comparing the means to white control. In C t-tests are comparing CSP accumulation with and
without Tau expression respectively. (n.s. not significant, *p<0.05, **p<0.01)
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3.7.5 Detailed analysis of the axonal transport using in vivo time-lapse imaging

To evaluate axonal transport in Tau[R406W] expressing motorneurons and the
effects of shRNAs directed against components of the Dynein/Dynactin complex on axonal
transport, in vivo time-lapse analysis of transported mitochondria in motorneurons of
Drosophila L3 larvae (labelled with mitoGFP [246]). This experimental setup allows to
assay rates and speeds of both axonal transport directions, respectively. Quantifications in
larval motorneurons expressing mitGFP and either Tau[R406W], shRNA directed against
DCTN2Z or combined expression were compared to transport speeds and rates in WT
motorneurons (only expressing mitoGFP). Tau[R406W] expression led to a reduction of
transport rates in anterograde direction (Figure 27 A). However, speed was reduced in
both directions (Figure 27 B). Knockdown of DCTN2 did not alter the transport speed, but
led to decreased rates in both transport directions (Figure 27 B). However, when Tau
expression was combined with knockdown of DCTNZ2, the effects were diminished

completely and rates and speeds were restored to WT levels.
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Figure 27: in vivo time-lapse analysis of anterograde and retrograde axonal transport.

Evaluation of rates (A) and speeds (B) of anterograde and retrograde transported mitochondra by in vivo
time-lapse image analysis in Drosophila larval motorneurons. Expression of Tau[R406W] led to a significant
reduction of anterograde transport rate and speed. The retrograde direction showed a decreased transport
speed only (not significant). Knockdown of Dynamitin led to a significant decrease of transport rates in both
directions, although transport speed was not altered. Interestingly the combination of Tau expression and
knockdown restored WT transport rates and speeds. (*p<0.05, **p<0.005)
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3.7.6 Effects of Tau[R406W] expression on transcription levels of transport proteins

I conducted a quantification of transcript levels of selected candidates in head RNA
preparations of flies with pan-neural Tau[R406W] expression to test for Tau-mediated
effects on transcription of members from the Dynein/Dynactin complex. The mRNA levels
of TUBA1A, IGF2R (Lerp, a lysosomal transport candidate not correlated to the complex),
DCTN1, DCTN2 and the axonemal DAHC17 were quantified. Analysis revealed severe
changes in transcript levels (Figure 28 A). Levels of TUBA1A, IGF2R and DCTN1 mRNA
were significantly increased, mRNA levels of DCTN2 and DAHC17 were dramatically
increased (about 8-fold each). This was highly significant for DCTN2. The changes in
DAHC17 transcript levels were not found to be significant. This might be due to very low
mRNA levels in the head RNA preparations (10-° fold compared to ACTG1) leading to high
variances in qPCR analysis (Figure 28 B).
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Figure 28: Changes in transcript levels of transport candidates due to Tau[R406W] expression.

(A) Quantification of changes of mRNA levels due to Tau[R406W] expression in head RNA extracts of adult
flies expressing Tau[R406W] pan-neurally. Quantities were normalised to actin5C (ACTG1) and compared
to levels in the elavt?55-Gal4 driver line without expression of a transgene. Depicted statistics are t-tests
comparing the means of target mRNA level differences to Actin 5C (ACTG1): n.s. not significant, * p<0.05, **
p<0.005, *** p<0.0005. (B) ACt analysis of mRNA levels in the head RNA extract of control flies. The data
shows physiological transcript levels of the different candidate genes compared to ACTG1.

3.7.7 The role of the Dynein/Dynactin-based transport in the lysosomal pathway
As changes in structure and function of lysosomes are found in Tau pathology (see

chapter 1.6), head paraffin sections of adult Drosophilae were examined and
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immunohistochemically stained for lysosome-associated membrane protein 1 (Lamp1),
total hTau (antibody 5A6) and C-terminal truncated Tau*?! (antibody TauC3). Staining
patterns of antibodies Lampl, 5A6 and TauC3 were analysed in flies expressing
Tau[R406W]. As the candidates of the transport group might contribute to lysosome
function, expression of shRNA directed against DCTN1 (and combined expression of
DCTN1 shRNA and Tau[R406W]) was also evaluated for modification in staining patterns
of 5A6, Lamp1 and TauC3 antibodies. Staining patterns were only analysed for qualitative
characteristics, and not quantified. In flies expressing DCTN1 shRNA, neither 5A6 nor
specific staining of Lampl or TauC3 could be observed (Figure 30 A-C). Tau[R406W]
expression led to 5A6-positive neurons in the brain, however Lamp1 and TauC3 staining
appeared only in a few single cells (Figure 30 D-F). In brains from flies with expression of
Tau[R406W] and DCTN1 shRNA, 5A6-positive neurons increased dramatically in number
and staining intensity (Figure 30 G). The antibody against Lamp1 revealed a change in
lysosome number and/or size (Figure 30 H). Lamp1-positive cells did not appear in the
optic lobes. In addition the TauC3 antibody could detect eminent accumulations of

truncated Tau in fibered structures within the optic lobe (Figure 30 I).

detail

——

Figure 29: Schematic view of a lateral part of a frontal section through an adult fly head.

Schematic view of the adult fly optical lobe (frontal section) and the detail view used for Figure 30. For
orientation, the oesophagus (oe) is found at the ventral part of the medial brain axis (ma). In the retina (re)
covered by the cornea (co) the photoreceptors are found projecting into the lamina (la) and the outer part
of the medulla (meo). Medial from the inner part of the medulla (mei) the lobula (lo) is found. The black
box (detail) depicts the selection shown in Figure 30.
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Figure 30: Adult Drosophila brain stained for hTau (5A6), Lamp1 and Tau#*?! (TauC3).

To evaluate effects of Tau[R406W] and knockdown of DCTN1 on hTau protein, lysosomal load and Tau
fragmentation, paraffin sections of adult Drosophila heads were stained for total hTau (antibody 5A6),
lysosomal marker Lamp1l and the C-terminal truncated Tau*?! (antibody TauC3). Expression of shRNA
directed against DCTN1 did not lead to immuno-reactivity of 5A6, Lamp1 and TauC3 antibodies (A - C). In
flies expressing Tau[R406W], 5A6-positive neurons could be observed (D) and single cells appeared to be
positive for Lamp1 (arrows) (E) and TauC3 antibody (arrows) (F). However, combination of Tau[R406W]
expression and knockdown of DCTN1 dramatically increased number and size of 5A6-positive cells and
filamentous Tau-positive structures could be observed (G). In addition, significant numbers of Lamp1-
positive cells appeared surrounding the optic lobe (H). In the outer medulla (meo) of the optic lobe, fibered
structures were found heavily stained for TauC3 antibody (I). Optic lobe structure and selection of shown
area see Figure 29. Orientation of the images is lateral-right and dorsal-up. Magnification is depicted in C
(bar=50 um).
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4 Discussion

This study was conducted as a genetic screen on modifiers of Tau-induced
neurodegeneration in Drosophila in order to find new approaches for research in the field
of Tauopathies. For this, models of Tau induced pathology were utilised, which have

already been described (see chapter 1.8.2).

4.1 Characterisation of the transgenes in Drosophila

In line with the first publication by Wittmann et al. [125], expression of human
Tau[WT] and Tau[R406W] in Drosophila melanogaster can serve as models of
neurodegeneration without neurofibrillary tangles. Expressed in post-mitotic cells of the
compound eye, severe REPs could be observed (Figure 9). The mutant Tau[R406W]
variant induced the more stable phenotype, with a higher severity compared to Tau[WT].
As the GMR-mediated phenotype appeared to be more robust, Tau[R406W] expression
was chosen to serve as a screening model for the modifier screen of Tau-induced
neurodegeneration. As the two Tau transgenes were created by random genomic
integration, direct comparison of effects induced by Tau[WT] and Tau[R406W]
expression were not reasonable, because of presumptive different expression levels. In
principle, these two transgenes also induced neurodegenerative effects such as reduced
life span, as previously published [125] (Figure 12 A). Toxic effects of Tau[R406W]
expression could also be observed during larval development (Figure 10).

Pan-neural expression of Tau[R406W] did not lead to decreased transcript levels of
endogenous dTau. Comparison of transcript levels of dTau and hTau in head RNA of flies
pan-neurally expressing Tau[R406W] revealed an approximate 1.8 fold higher mRNA
level of the ectopic hTau (Figure 11). Thus, Tau[R406W] overexpression leads to
significant intracellular levels of Tau, allowing to investigate mechanistic interactions.

In addition to the hTau transgenes, two additional transgenes were analysed in
regards to their REP (induced by GMR-mediated expression) and life-span (in pan-neural
expression): Afs2 (modelling amyloid-induced AD toxicity [241]) and Q7 (modelling the
poly-glutamine disease spino-cerebellar ataxia type 3 [248]). These transgenes were used
to evaluate Tau-specificity of the found modifiers. In both, the reported REP (Figure 9)

and reduced life spans (Figure 12 A, pan-neural expression of Q7s appeared to be lethal)
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could be observed, underlining their published ability to serve as neurodegenerative
models [241, 248].

To directly compare the effects on different Tau variants, transgenes with site-
directed genomic integrations were generated: attB_Tau[WT], attB_Tau[R406W] and two
variants mimicking different phosphorylation states attB_Tau[AP] (not phosphorylatable
at all 14 SP and TP sites) and attB_Tau[E14] (phospho-mimicking glutamate at all 14 SP
and TP sites). Flies pan-neurally expressing attB_Tau[WT]! and attB_Tau[R406W] showed
similar life spans (Figure 12 B). In contrast flies expressing attB_Tau[AP] and
attB_Tau[E14] had a significantly decreased life span (expression of attB_Tau[AP] was
lethal). Tau[E14] variant was previously reported to be more toxic than Tau[WT] and
Tau[R406W], but the non-phosphorylated Tau[AP] variant was reported to be the less
toxic variant [235, 236]. However, we found that Tau[AP] seems to be even more toxic
than Tau[E14] when expressed pan-neurally. Increased toxicity of a non-
phosphorylatable Tau model in Drosophila has already been reported for a 2N4R Tau
model with eleven mutated phosphorylation sites (TauS11A), eight of these shared with
the Tau[AP] transgene. Chatterjee et al. observed more severe toxicity in their TauS11A
model compared to Tau[WT], induced by increased microtubule binding activity [255]. In
quantifications of hTau mRNA and protein levels in the head of flies with GMR-mediated
expression of the four transgenes, an increase induced by the attB_Tau[AP] transgene
could be observed (Figure 17). Assuming identical epigenetic conditions (created by the
site-directed genomic integration) the difference in protein levels can be explained. The
explanation why attB_Tau[AP] shows increased protein levels could be an altered ratio of
soluble and microtubule-bound Tau protein [255]. An increase in microtubule-bound
protein fraction could lead to a decreased Tau degradation (as Tau is “trapped” at
microtubules). Still, differences observed in transcript levels cannot be explained.

In flies with GMR-mediated expression of attB_Tau[E14] decreased transcription
levels were measured compared to attB_Tau[WT], while protein levels did not differ.
Tau[E14], mimicking hyperphosphorylation, is known to have a reduced microtubule
binding ability. Thus, Tau[E14] is predisposed to form oligomers and reduced

transcription might be a preventive effect. However, the reduction of attB Tau[E14]

1 To differentiate between hTau protein expressed by random and by site directed
integration transgenes, the latter are referred to as attB_Tau.
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transcription does not seem to have an impact on Tau protein levels, which might be
rescued via increased aggregate formation preventing Tau degradation.

Nevertheless, expression of attB_Tau[WT], attB_Tau[R406W], attB_Tau[AP] and
attB_Tau[E14] in post-mitotic cells of the compound eye induced comparable REPs in this
study (Figure 16). For this reason comparison of candidate effects on the induced REPs is
done using these four site-directed integration transgenes, although transcript and

protein levels differ.

4.2 Modifiers of Tau-induced REP in the compound eye of Drosophila

In the primary screen 73 candidates were identified modifying Tau[R406W]-
induced REP. Knockdown of 15 candidate genes were found to suppress and 58 candidate
shRNAs enhanced the Tau-induced phenotype. The 73 candidate genes were grouped into
four classes according to processes, in which the encoded proteins are involved in: 20
candidates in the protein anabolism and catabolism group, eight in a group of transport
processes, six in the group of kinases and phosphatases. The remaining 39 were listed as
miscellaneous. There are two published screens on modifiers of Tau-induced
neurodegeneration. Shulman and Feany conducted a misexpression-based screen on
modifiers in Drosophila [232], whereas Kraemer et al. used Caenorhabditis elegans (C.
elegans) as a model organism for a genome-wide screen on modifiers of Tau pathology
[256]. In the former Drosophila screen 24 candidates were identified and categorised
according to their putative function into 5 main groups: protein kinases/phosphatases
(7), apoptosis (2), cytoskeleton (3), miscellaneous and novel (7 and 5) [232]. Of these 24,
none could be identified as a primary candidate using the RNAi approach in this work.
However, two showed subtle changes of the phenotype, congruent with the results of
Shulman and colleagues (TAOK1 and FEM1B). Using a genome-wide RNAi-mediated
knockdown approach in C. elegans, Kraemer et al. identified 50 modifiers of Tau-induced
phenotype (additional candidate genes were found without human homologues). The 50
candidate genes were categorised into 8 functional groups: phosphorylation (8), protein
folding and stress response (7), nucleic acid function (8), proteolysis (4), transport and
secretion (3), neurotransmission and signalling (8), enzymes (7), structural and
extracellular matrix proteins (3) and unknown function (2) [256]. Again, no direct
overlap in candidates was found between the published results and this work, although
this study identified two candidates, each belonging to the same protein familiy as

candidates of the C. elegans screen: While Kraemer et al found DDX4 (Dead box
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polypeptide 4) and SLC24A6 (solute carrier family 24 member 6) as genetic modifiers, the
present work identified DDX42 (Dead box polypeptide 42) and SLC35E1 (solute carrier
family 35 member 1) as modifiers of the Tau-induced phenotype. Notably, although the
screen in C. elegans could only identify enhancers (due to systemic limitation), both
DDX42 and SLC35E1 knockdown resulted in suppression of the Tau-induced REP in the
present screen. In addition, knockdown of three candidate genes published by Kraemer et
al. were found to be subtle modifiers in the present work (TAOK1, HSPA8 and AMD1). To
complete comparison of the three screens, the overlap between candidate genes found by
Shulman and Kraemer is restricted to two candidate genes each coding for a kinase:
MARK3 (PAR-1, microtubule-affinity regulating kinase 3) and TAOK1 (MARKK,
microtubule-affinity regulating kinase kinase) [232, 256]. The overlaps between the three
screens are demonstrated in Figure 31.

Although the overlaps of the three screens on modifiers of Tauopathy are not
extensive, the similarities of functional groups identified are obvious. In all three screens,

kinases and phosphatases could be identified, as well as proteins involved in protein

Figure 31: Overlaps between the three screens for modifiers of Tau-induced pathology.

A schematic overview of overlaps between the present work, a misexpression-based screen in Drosophila
[232] and a RNAi-based screen in Caenorhabditis elegans [256]. Knockdown of genes inducing only subtle
changes in the present study are depicted in grey. DDX family and SLC family delineate the overlap by two
different genes coding for proteins of the same protein family, respectively.
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anabolism and catabolism. In addition, gene products involved in intracellular transport
processes and regulation of cytoskeleton and cell structure are common in all three
screens. It is notable that, although there are no direct overlaps, the results of the present
screen are functionally more similar to the C. elegans screen (both RNAi-bases screening
approaches), than to the misexpression-based screen in Drosophila. The type of screening
approach seems to contribute to this similarity. Of the candidates identified in the
misexpression-based approach of Shulman et. al, 80 percent of candidates were found in
overexpression of the target genes. This resembles an opposite gene regulation compared

to the RNAIi approach of this study. Therefore divergent results are not surprising.

4.3 Specificity of selected candidates for the R406W mutation of Tau

In humans the Tau[R406W] is associated with FTDP-17, in constrast to physiological
Tau[WT]. The R406W mutation leads to a decreased affinity of Tau to bind microtubules,
which alters the ratio between microtubule-bound and soluble Tau fractions [104, 105].
Overexpression of both Tau[WT] and Tau[R406W] induce neurodegenerative phenotypes
in Drosophila [125]. This might be due to the overall increased Tau protein levels in both
Tau[WT] and Tau[R406W] overexpression. Nevertheless, candidates might be specific to
the pathological R406W mutation. To evaluate this specificity a secondary screen was
conducted comparing shRNA effects on GMR-mediated expression of site directed
integration transgenes attB_Tau[WT] and attB_Tau[R406W]. In general, the same effects
were observed. Only a small number of candidate shRNAs showed differential effects on
attB_Tau[WT]- and attB_Tau[R406W]-induced REPs (Figure 19). One enhancer was found
to be stronger in Tau[WT]-induced REP (MED14) and two enhancers showed a stronger
impact on the Tau[R406W] variant (PSMB7 and CWC25). Interestingly, all three
candidates are grouped into the protein anabolism and catabolism group (PSMB7, MED14
and CWC25). The R406W mutation does not interfere with the microtubule-stabilising
function of Tau, which is regulated by phosphorylation [257]. Thus, a lack of specific
candidates in the kinase/phosphatase group is plausible. However, the reason that the
three candidates (MED14, PSMB7 and CWC25) show differences in modification of
Tau[WT]- and Tau[R406W]-induced REP remains unclear, but the results suggests a

differential role of the R406W mutation in Tau protein turnover.
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4.4 Alteration of intracellular Tau protein levels as a mechanism for

modulation of toxicity

As described in chapter 1.4, there are different mechanistic models for Tau
pathology. Instead of one pathomechanism, it is likely that loss of function, direct toxicity
and toxicity aggregation of Tau rather work in concert [100]. One mechanism to modify
the Tau-induced toxicity would be to interfere with Tau protein levels. It has been shown
recently, that deletion of Tau significantly decreases neurodegeneration induced by Ap-
peptides in a mouse model [32]. Therefore Tau protein levels were evaluated to identify
candidate shRNAs modifying Tau protein load. Evaluation was carried out for ten
candidates from the protein anabolism and catabolism group (PSMB7, STIP1, ERI2, SMGS5,
C4orf31, RPS10, CDC20, LAMTOR1, TMEM135 and PTRH2) and three candidates from the
transport group (IGF2R, DCTN1 and DNAH17). Although analysis could only be repeated
twice allowing no conclusions of significance, changes in Tau protein levels, induced by
candidate knockdown could be observed in three cases (STIP1, CDC20 and LAMTOR1).
Interestingly, the changes in Tau protein levels did only correlate with the direction of
GMR-mediated Tau[R406W]-induced REP modification in two cases (suppressor STIP1
and enhancer CDC20). The found reduction of hTau levels (5A6 band intensity) in flies
pan-neurally co-expressing Tau[R406W] and shRNA directed against LAMTOR1 was
contrary to the identification of LAMTOR1 knockdown suppressing Tau[R406W]-induced
pathology in the compound eye. However, it could be shown that effects of STIP1 and
CDC20 on Tau pathology are most likely mediated by affecting cellular protein load of Tau.

STIP1 codes for the stress induced phospho-protein 1, which is an adaptor protein
coordinating HSP70 and HSP90 function in protein folding [258-260]. STIP1 knockdown
was identified as a suppressor of Tau-induced REP in the primary screen and this
suppression was still obvious in GMR-mediated attB_Tau[WT] and attB_Tau[AP]
expression, but not present in attB_Tau[E14]-induced phenotype. Several HSP70 factors
have been found by genetic screens to have an impact on Tau pathology [256] and the
carboxyl terminus of HSP70 is known to be involved in degradation of Tau [261]. Thus,
STIP1 as a regulator of HSP70 and HSP90 function might influence Tau degradation. The
effect of STIP1 knockdown is not only restricted to Tau pathology, as it also suppresses
Q7s-induced REP (Table 13). Hence, STIP1 knockdown seems to increase degradation of

aggregates in general. This makes STIP1 a very interesting target for future research.
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4.5 SP and TP phosphorylation sites in Tau-induced toxicity

Phosphorylation of Tau seems to be a critical process contributing to the mechanism
of Tau pathology, as abnormally phosphorylated Tau is found in the brains of AD patients
[62, 262]. Attention has especially been paid to the proline guided serine (SP) and
threonine (TP) phosphorylation sites, as antibodies specific for phosphorylated SP or TP
epitopes have been reported to preferentially detect Tau from brains of AD patients
[263]. In addition, proteins contributing or inhibiting Tau pathology identified in genetic
screens (e.g. MARK3 [232] and PP2A [232, 256]) evidently alter phosphorylation states
significantly [69, 264]. Modifiers of Tau-induced toxicity identified in the present screen
might also change phosphorylation of Tau. This possibility was analysed by a phenotypic
screen, comparing the effects of candidate knockdown on attB_Tau[R406W]-induced REP
with the effects on attB_Tau[AP]- and attB_Tau[E14]-induced REPs. GMR-mediated
expression of attB_Tau[R406W], attB_Tau[AP] and attB_Tau[E14] induced comparable
REPs allowing to compare shRNA effects (Figure 16). If the mechanistic interaction of Tau
and a protein, coded by a candidate gene, depends on Tau phosphorylation state,
differences in modification of attB_Tau[AP]- and attB_Tau[E14]-induced REP will occur.

Of the 73 candidate shRNAs modifying Tau[R406W]-induced REP, eight modified the
REP induced by expression of attB_Tau[R406W], attB_Tau[AP] and attB_Tau[E14]
differentially (Figure 20). Knockdown of the candidate genes TUBA1A, TUBA1C, ERIZ,
SMG5, ODF3 and SNRPC showed a more pronounced enhancement of the phenotype
induced by expression of non-phosphorylatable attB_Tau[AP] compared to
attB_Tau[R406W]. Toxicity of Tau[AP] is most probably induced by a shift in soluble and
microtubule-bound Tau ratio towards the bound fraction, which is reported for
comparable non-phosphorylatable Tau models in Drosophila [255]. This increase of the
microtubule-bound fraction reduces microtubule-based transport processes. Thus,
knockdown of TUBA1A and TUBA1C coding for Tubulin alpha 1a and ¢ will contribute to
the toxic Tau[AP] effects, as reduction of present microtubules worsens diminution of
microtubule-based transport.

Improvement of the REP was found in attB_Tau[AP] after knockdown of the
candidate gene PSMB7. PSMB7 codes for the proteasome subunit beta type 7, which is a
catalytical subunit of the proteasome complex. Although the direct function of this subunit
is not known, degradation of Tau via the proteasome is suggested to be one pathway of

Tau degradation [96]. Why effects of PSMB7 knockdown are rather restricted to



CHAPTER 4 - DISCUSSION 74

Tau[R406W] and phospho-mimic Tau[E14], is unclear and should be addressed by future
research.

Only shRNA directed against STIP1 led to an attB_Tau[E14] phenotype different
from the R406W variant. As mentioned in chapter 4.4, STIP1 is regulating HSP70 function,
which is known to be involved in degradation of Tau [261]. Thus, suppression of Tau-
induced pathology by knockdown of STIP1 seems to be mediated by an increased HSP70
function, leading to an increased Tau degradation. Accordingly, STIP1 was identified in
this study to reduce protein levels of Tau notably (see chapter 4.4). The link might not be
due to direct interaction, but the data implies, that for suppression of Tau-induced toxicity
via knockdown of STIP1, de-phosphorylation of one or more SP or TP phosphorylation
sites is crucial.

A selection of four candidate shRNAs, shown to act differentially on REPs induced by
GMR-mediated expression of attB_Tau[R406W], attB_Tau[AP] or attB_Tau[E14], were
evaluated for their impact on Tau phosphorylation (at sites Thri8l, Thr231 and
Ser202 /Thr205) using phospho-specific antibodies (see chapter 3.6). No obvious
modifications of Tau phosphorylation could be observed after knockdown of candidate
genes in flies with pan-neural expression of Tau[R406W]. Observed differences rather
reflect differences by altered Tau[R406W] levels (Figure 21). The selection was restricted
to candidates that were found to depend on distinct Tau phosphorylation state (3.5.2).
Though, candidates that depend on the phosphorylation state of Tau, might not alter Tau
phosphorylation. Evaluation of the ability to change phosphorylation states of Tau should
rather be performed for all candidate shRNAs. However, due to time limitations I was not
able to finish this evaluation. This will be done in future work. However preliminary data
suggests that there are several candidates that alter phosphorylation of Tau (see

appendix).

4.6 The Dynein/Dynactin complex in Tau-induced neurodegeneration

A connection of Tau pathology and microtubule-based transport processes such as
Dynein/Dynactin guided retrograde transport (as well as Kinesin guided anterograde
transport) is known for several years [182]. However, research was always restricted to
the effects of Tau on transport processes. In this study the opposite direction came in

focus for the first time. As knockdown of several components of the Dynein/Dynactin
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complex were found to enhance Tau pathology in the primary screen, several experiments

were done to elucidate the impact of impaired retrograde transport on Tau pathology.

4.6.1 The axon as the putative site of Dynein/Dynactin and Tau interconnection

Tau is predominantly found in the axonal compartment and gets redistributed to the
somatodendritic compartment in disease [197, 198]. It is not known if this re-localisation
is the cause of, or an outcome of, Tau pathology. If clearance of Tau from the axon is a
mechanism to rescue the axon from Tau toxicity, reduction of retrograde transport
towards the somatodendritic compartment would contribute to Tau toxicity. Depletion of
Dynein/Dynactin motor complexes by shRNAs reduces retrograde traffic from the axon
(see chapters 3.7.4). Clearance of toxic Tau species from the axon as a mechanism to delay
Tau-induced neurodegeneration was the first hypothesis raised for the involvement of the
Dynein/Dynactin complex in Tau pathology in this study (Figure 32).

To facilitate experiments concerning axonal transport, expression of Tau[R406W] in
Drosophila larval motorneurons was utilised. Before testing the hypothesis, microtubule
networks in segmental nerves were evaluated and found not to be significantly altered by

neither Tau[R406W] overexpression nor knockdown of Dynein/Dynactin complex

Axon

Dendrites

Figure 32: Model of Tau clearance from the axon by retrograde axonal transport.

A schematic view of the working hypothesis based on the finding that knockdown of Dynein/Dynactin
complex increases Tau-induced toxicity. The microtubule-associated protein Tau is physiologically
stabilising microtubules. Toxic triggers leading to toxicity eventually lead to a detachment (e.g.
hyperphosphorylation) (1). A toxic species of Tau is accumulating in the axonal compartment (2). To evade
toxic effects from the Tau species within the axon, Tau is cleared by retrograde transport (3) and brought to
the somatodendritic compartment (4).
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members (Figure 23). Disturbances of transport paths could be induced by expression of
shRNAs directed against members of the Dynein/Dynactin complex as CSP accumulations
(Figure 26 A) and staining intensity of neuronal membranes in the NM]Js were increased
(Figure 25). In addition, the velocity of retrograde transport was found to be reduced in
vivo (Figure 27 B). Nevertheless when Tau[R406W] was co-expressed with shRNAs
directed against members of the Dynein/Dynactin complex, neither hTau accumulations
nor increased hTau staining intensity could be found in axons (or NMJs). The data even
suggests that knockdown of members from the Dynein/Dynactin complex lead to
decreased axonal Tau levels (Figure 24). This might be due to effects upstream of the
proposed model of clearance. In fact the axonal localisation of Tau is partially maintained
by a Dynein/Dynactin-mediated process (see chapter 1.5.6). However, the results of
quantified CSP accumulations in segmental nerves (Figure 26 B) do not allow conclusions
on the impact of Dynein/Dynactin knockdown on Tau pathology. The same holds true for
the in vivo measurements of transport rates and velocities (Figure 27) in larvae
expressing Tau[R406W] and shRNAs directed against the complex. The effects found in
the primary screen were present in post-mitotic cells in the compound eye of adult
Drosophila. Ambiguous results such as reduced hTau levels in the axon and restored
transport rates and speeds due to knockdown of Dynein/Dynactin complex members
were produced in axons of motorneurons in L3 larvae. However, effects seen in the axons
of larval motorneurons might not be comparable to the Tau[R406W]-induced toxicity
enhanced by Dynein/Dynactin silencing in the adult compound eye.

Finally, the hypothesis of retrograde Tau clearance from the axon as a mechanism to
evade axonal Tau toxicity could not be endorsed. However, another possible connection
between the Dynein/Dynactin complex and Tau-induced pathology was drawn, based on a

lysosomal function of the retrograde transport complex.
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4.6.2 Lysosomal involvement in Tau-induced pathology

Recent publications have shown that members of the Dynein/Dynactin complex are
crucial for a lysosomal function [266, 267]. In addition to proteasomal degradation Tau is
thought to be processed and eliminated by lysosomal pathways [265]. The general
importance of the lysosome in Tau pathomechanism is underlined by several candidate
genes identified in the primary screen of this study, which are involved in lysosomal
processes. Knockdown of IGF2R (lysosomal transport), LAMTOR1 (lysosome
organisation) and two proton transporting ATPases (ATP6VOC and ATP6V1D), which are

Figure 33: Increased Tau toxicity by lysosomal malfunction and caspase-3 activation.

The Tau*?! fragment is known to be more amyloidogenic and seeds Tau aggregates [38]. This truncation is
created by activated caspase-3 cleavage. Caspase-3 is activated via AB4z [33] and by lysosomal dysfunction
[211]. That this mechanism might be induced by depletion of Dynein/Dynactin motorcomplex is suggested
by the present work. In addition, dysfunction of the lysosome increases Tau toxicity by impaired
macroautophagy [265].
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involved in organelle acidification, enhance Tau-induced REP. Thus, the effects by
depletion of the Dynein/Dynactin retrograde transport on Tau pathology might be due to
their lysosomal involvement. The lysosomal role in Tau pathology was evaluated in flies
with pan-neural expression of Tau[R406W], the shRNA directed against DCTN1 (a key
member of the Dynein/Dynactin complex) and the combination of both.

In the adult Drosophila brain, pan-neurally expressing Tau[R406W] and the shRNA
directed against DCTN1 induced an increase of lysosomal size and/or number (increased
lysosomal staining, Figure 30 H). A slight increase of lysosomal Lampl staining was
already visible in brains with Tau[R406W] expression. Alteration in number and
morphology of lysosomes is known to be induced by Tau expression and is also found in
AD brains [199-201]. Co-expression of Tau[R406W] and the shRNA increased Lampl
positive staining substantially and induced accumulation of C-terminal truncated Tau#?! in
fibrillar structures (Figure 30 I). Most probably, these fibrillar structures resemble the
projections of R7 and R8 photoreceptors into the medulla, as they show the same distinct
morphology [268]. Why appearance of Tau*?! is restricted to photoreceptors in fly brains
expressing Tau[R406W] in a pan-neural pattern remains unclear. However, lysosomal
dysfunction, which may be accompanied by increased lysosome size and/or number is
reported to activate caspases eventually leading to Tau truncation [211]. The present
work suggests that Dynein/Dynactin knockdown increases Tau-induced toxicity via
malfunction of the lysosome, inducing Tau truncation via caspase-3 activation (Figure 33).

If caspase-3 actually is activated in DCTN1 depletion will be analysed in future work.

4.7 Summary and conclusions

Although decades of scientific research have attempted to illuminate the
pathomechanisms of Tauopathies, still very little seems to be known about the complex
disease processes. | conducted a screen identifying genetic modifiers of Tau[R406W]-
induced neurodegeneration in Drosophila using a genome-wide RNAi-based approach.

This study opens a variety of directions for future research, as it provides a list of
novel genetic modifiers interfering with Tau pathology. Secondary analyses also provide
information about specificity of the candidates for modification of Tau[R406W]-, Tau[AP]-
and Tau[E14]-induced neurodegeneration. In addition knockdown, of selected candidates
was shown to alter Tau protein turnover and Tau phosphorylation.

As several candidate genes code for members of the Dynein/Dynactin complex, I

focused on the evaluation of the impact of this complex on Tau pathology. This led me to
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two different models for modification of Tau pathology by the Dynein/Dynactin complex.
Clearance of a Tau toxic species from the axon by the retrograde transport complex could
be a mechanism to evade axonal clogging or a starvation of the synapse. [ was not able to
confirm (or disprove) this model (see chapter 4.6.1). An explanation of enhanced toxicity
in Dynein/Dynactin knockdown might rather be an impaired lysosomal function. I could
show that knockdown of the Dynein/Dynactin complex key member DCTN1 led to
alterations in lysosome morphology, which was accompanied by C-terminal truncation of
Tau at amino acid 421. As Tau*?! is already known to have an increased toxicity compared
to Tau[WT], results endorse the second model of increased Tau toxicity mediated by
depletion of Dynein/Dynactin motor complexes resulting in lysosomal dysfunction. The
direct role of the lysosomal pathway in Tau-induced toxicity still remains unclear and
future research should uncover the several gaps in understanding lysosomal involvement.
Although it is known that Tau#?! is a product of truncation by caspase-3, which is
activated by lysosomal dysfunction, the mechanisms leading to caspase-3 activation as
well as the lysosomal dysfunction itself remain elusive.

In conclusion, I conducted a screen producing a list of yet unknown modifiers of
Tau-induced pathology and several results elucidating putative modes of modification.
This work not only stands for itself, but also creates a variety of approaches, to investigate
Tau pathology. This can be used for future research, which eventually might lead to the

development of novel therapeutic strategies.
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| List of screened RNAI lines provided by the VDRC as the

homologue sublibrary

TID

Gene-1D

CG10001
CG10002
CG10002
CG10006
CG10009
CG10011
CG10018
CG10021
CG10023
CG10029
CG10030
CG10032
CG10033
CG10034
CG10036
CG10037
CG10037
CG1004

CG10043
CG10047
CG10050
CG10052
CG10053
CG10053
CG10055
CG10060
CG10061
CG10062
CG10064
CG10066
CG10067
CG10068
CG10069
CG10072
CG10073
CG10075
CG10075
CG10076
CG10078
CG10078
CG10079
CG10080
CG10081
CG10082
CG10083
CG10084
CG10089
CG1009

CG10090
CG10096
CG10097
CG10098
CG10103
CG10104

1326

37063
49961
44539
17954
45096
37591
3774

17957
16583
44480
51688
38319
30525
15425
10756
47182
51953
17966
33317
30020
44717
17972
50811
17973
28150
17975
4697

38322
23303
17979
15948
6591

29434
11133
15399
50067
44092
17981
48823
43268
46133
10066
38326
38330
38336
17991
35354
37346
50765
6090

50126
31174
13969

CG10105
CG10106
CG10107
CG10110
CG10117
CG10118
CG10122
CG10123
CG10126
CG10128
CG10130
CG10133
CG10137
CG10142
CG10143
CG10144
CG10145
CG10149
CG10153
CG10155
CG10157
CG10158
CG10160
CG10162
CG10165
CG10166
CG10166
CG10168
CG1017

CG10170
CG10171
CG10174
CG10175
CG10178
CG10181
CG10184
CG10185
CG10186
CG10188
CG10189
CG1019

CG10191
CG10192
CG10193
CG10198
CG10202
CG10203
CG10206
CG1021

CG10210
CG10211
CG10212
CG10214
CG10215
CG10220

18002
7934

18004
18009
4871

3308

12688
10635
44104
8868

8785

18014
38342
15246
51564
18019
15194
18022
31186
18024
14004
47388
31192
23362
3909

13731
46385
1151

15610
1141

43837
31195
1140

8064

9019

3311

18135
30768
18029
51692
18593
38353
18031
45109
31198
9427

31202
31204
37336
38356
12352
10711
18033
12622
45999

CG10221
CG10222
CG10223
CG10225
CG10226
CG10228
CG10229
CG10230
CG10231
CG10233
CG10234
CG10236
CG10238
CG10240
CG10242
CG10242
CG10243
CG10243
CG10245
CG10246
CG10246
CG10247
CG10249
CG10250
CG10251
CG10253
CG10254
CG10255
CG10257
CG10260
CG10261
CG10262
CG10272
CG10272
CG10275
CG10275
CG10277
CG10278
CG10279
CG10280
CG10281
CG10286
CG10289
CG10293
CG10295
CG10298
CG1030

CG1030

CG10302
CG10305
CG10308
CG1031

CG10315
CG10315
CG10318

1163

18038
30625
38363
5055

38365
38368
31206
18041
28702
37124
18873
15990
33238
4880

50169
7398

49532
3313

29980
50262
3317

15009
51311
9534

3321

15992
18600
8710

15993
2907

37672
16001
47199
36246
37283
7518

10418
46908
5733

51209
16002
16006
13756
12553
28706
3033

46499
22837
16012
31216
31220
27152
48708
15451

CG10320
CG10324
CG10325
CG10326
CG10326
CG10327
CG10333
CG10335
CG10336
CG10338
CG10340
CG10341
CG10343
CG10344
CG10346
CG10347
CG10348
CG10353
CG10354
CG10355
CG10361
CG10362
CG10363
CG10365
CG10369
CG10371
CG10372
CG10373
CG10374
CG10374
CG10375
CG10376
CG10377
CG10379
CG10383
CG10384
CG10385
CG10387
CG10390
CG10392
CG10393
CG10395
CG10396
CG10399
CG10406
CG10406
CG10413
CG10414
CG10415
CG10417
CG10418
CG10419
CG10420
CG10423
CG10425

8837

31226
51900
5894

47194
38377
18132
40612
16019
3215

16020
52092
38380
48026
31228
16025
39663
5550

27254
9308

16034
8317

13466
16036
3886

47623
31238
6375

30884
48109
16039
35473
16040
16044
33911
16045
9239

31240
37563
18611
11796
31244
1482

18617
23363
50865
3882

47391
12591
27259
50245
47373
1753

12795
6734

CG10426
CG10435
CG10438
CG10443
CG10444
CG10446
CG10446
CG10447
CG10449
CG10459
CG10463
CG10466
CG10467
CG10470
CG10473
CG10474
CG10479
CG10480
CG10483
CG10484
CG10489
CG1049

CG10491
CG10492
CG10493
CG10495
CG10497
CG10505
CG10510
CG10517
CG10523
CG10524
CG10524
CG10528
CG10531
CG10532
CG10535
CG10536
CG10537
CG10539
CG10541
CG10542
CG10545
CG10546
CG10546
CG10549
CG10555
CG10555
CG10564
CG10565
CG10566
CG1057

CG10571
CG10572
CG10573

human

16048
38384
23296
36270
4722

3066

27049
45660
7183

41451
31248
23367
27263
3897

16052
41455
45098
38388
33276
49423
13625
18628
50358
12357
45364
18631
13322
6593

18635
44107
47636
22755
33837
16067
16071
16073
45366
16078
41101
18126
31253
15620
31257
31258
49655
40789
16961
50115
51979
38393
27281
27284
49078
45370
31266
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CG10574 39053 CG10674 11366 CG10806 33149 CG10950 41462 CG11077 42671
CG10575 31270 CG10679 28445 CG10808 8784 CG10951 16120 CG11079 23374
CG10576 28761 CG10681 27305 CG10809 38408 CG10952 9127 CG1108 16184
CG10578 31271 CG10682 27306 CG10811 17002 CG10954 45013 CG11081 4740

CG10579 47859 CG10685 17847 CG10814 27319 CG10955 27341 CG11081 27238
CG1058 8549 CG10686 31319 CG1082 45102 CG10958 26763 CG11082 45349
CG10580 51977 CG10687 31320 CG10822 17005 CG10960 8359 CG11084 11099
CG10581 18650 CG10688 39715 CG10823 1783 CG10961 16125 CG11085 10493
CG10581 48315 CG10689 31324 CG10824 16588 CG10962 30850 CG11086 18690
CG10582 52094 CG10691 12358 CG10825 31360 CG10966 3024 CG11089 31420
CG10583 45092 CG10692 37816 CG10827 30823 CG10967 16133 CG1109 16186
CG10584 28681 CG10693 6723 CG10830 31362 CG10971 16138 CG11092 16188
CG10585 31273 CG10694 13649 CG10833 7870 CG10973 41463 CG11093 15478
CG10588 18655 CG10695 27307 CG10837 31364 CG10975 942 CG11094 11096
CG1059 39711 CG10697 3329 CG10838 28289 CG10975 4789 CG11095 37910
CG10590 5035 CG10698 44309 CG10839 17013 CG10975 27090 CG11096 38444
CG10590 5036 CG10699 45231 CG1084 40613 CG10977 37238 CG11098 7625

CG10592 38171 CG10701 37917 CG10840 31365 CG10979 16144 CG11099 9272

CG10593 3324 CG10702 3691 CG10846 8057 CG1098 27346 CG11102 13478
CG10594 51081 CG10703 35486 CG10847 15291 CG10981 16149 CG11103 5562

CG10597 6157 CG10706 28155 CG10849 7480 CG10984 15627 CG11105 51705
CG10600 31276 CG1071 45743 CG10850 18847 €G10986 31390 CG11107 44119
CG10601 22841 CG10711 16846 CG10859 27322 €G10988 2983 CG11109 17528
CG10601 50133 CG10716 38399 CG1086 13326 CG1099 16158 CG11110 3801

CG10602 31280 CG10718 31329 CG10861 29790 €G10990 16162 CG11111 6226

CG10603 31285 CG10719 31333 CG10862 31373 CG10992 45345 CG11115 49942
CG10604 15716 CG1072 9830 CG10863 48619 €G10993 16165 CG1112 42942
CG10605 2931 CG1072 46755 CG10866 3234 CG10996 16168 CG11121 8950

CG10610 31286 CG10721 33098 CG10868 45009 €G10997 28303 CG11123 18142
CG10616 36605 CG10722 44128 CG10869 27326 €G10999 16171 CG11124 13911
CG10617 3303 CG10723 30304 CG10872 30717 CG1100 18676 CG11125 18143
CG10619 45859 CG10724 22850 CG10873 38235 CG11001 45015 CG11128 45587
CG10620 5236 CG10726 26759 CG10877 45750 CG11006 31394 CG1113 31426
CG10621 31291 CG10728 50141 CG1088 45374 CG11007 40833 CG11130 18145
CG10622 30889 CG10732 18664 CG10881 35495 CG11009 16173 CG11133 18150
CG10623 31294 CG10739 31337 CG10882 37543 CG1101 12031 CG11136 4758

CG10624 44928 CG1074 35488 CG10887 16082 CG11010 47537 CG11136 44991
CG10626 22845 CG10742 10140 CG10889 27329 CG11015 30892 CG11137 8464

CG10627 31298 CG10743 16850 CG1089 27332 CG1102 18970 CG11137 48241
CG10628 47392 CG10747 38403 CG10890 50554 CG11024 46489 CG11138 18154
CG1063 6484 CG10748 14072 CG10895 44981 CG11025 45497 CG11139 17530
CG10632 39714 CG10749 27311 CG10897 38413 CG11027 12931 CG11140 37726
CG10635 35481 CG10750 27313 CG10898 13643 CG11029 44228 CG11141 18157
CG10635 46220 CG10751 22761 CG10899 16084 CG11030 43530 CG11143 5616

CG10637 35482 CG10753 31343 CG1090 26783 CG11033 31402 CG11144 1793

CG10638 31306 CG10754 31347 CG10903 27334 CG11034 37941 CG11146 50598
CG10639 30737 CG10756 44466 CG10907 16085 CG11035 8478 CG11148 18159
CG1064 12645 CG10757 45494 CG10908 44211 CG1104 31406 CG11149 7882

CG10640 30890 CG1076 40807 CG10909 17522 CG11041 45061 CG11151 18129
CG10641 31307 CG10760 13996 CG1091 16088 CG11043 23370 CG11153 19022
CG10642 45372 CG10761 5474 CG10910 46896 CG11044 16178 CG11154 37812
CG10645 31311 CG10772 22853 CG10913 3245 CG11048 31407 CG11156 31432
CG10646 38396 CG10776 865 CG10914 38419 CG1105 28305 CG1116 18161
CG10648 51699 CG10776 42244 CG10915 31377 CG11050 12371 CG11162 8326

CG1065 27298 CG10777 46933 CG10918 23190 CG11052 23373 CG11163 13311
CG10653 35483 CG10778 3166 CG10920 16091 CG11055 18686 CG11164 3180

CG10655 2985 CG1078 27317 CG10922 2989 CG11058 31409 CG11165 18166
CG10657 3326 CG10791 18140 CG10923 52105 CG11059 36348 CG11166 31435
CG1066 46889 CG10792 15444 CG10924 13929 CG11059 37291 CG11168 18170
CG10662 31318 CG10793 31351 CG10927 16094 CG1106 37867 CG11170 41302
CG10663 27299 CG10795 8833 CG1093 27335 CG11061 38441 CG11172 30566
CG10664 3923 CG10797 26299 CG10931 52107 CG11062 12174 CG11173 18172
CG10667 46522 CG10798 2947 CG10932 16099 CG11063 38442 CG11176 18175
CG10670 47601 CG10802 31354 CG10938 16104 CG11064 6878 CG11177 45975
CG10671 44435 CG10803 27318 CG10939 16958 CG11069 51367 CG11178 18178
CG10672 18661 CG10804 30225 CG10947 16117 CG1107 16182 CG11180 31438
CG10673 27301 CG10805 17000 CG10948 31388 CG11070 31413 CG11181 18179



APPENDIX 106

CG11182 15318 CG11315 38273 CG11450 41069 CG11611 39157 CG11807 38564
CG11183 31442 CG11315 46906 CG11454 45116 CG11614 3004 CG11811 30917
CG11184 31444 CG11318 3395 CG11455 12838 CG11617 30533 CG11814 38567
CG11186 15919 CG11319 7621 CG11459 16573 CG11621 16240 CG11819 31571
CG11188 18182 CG1132 30553 CG11459 48053 CG11622 16244 CG11820 39724
CG1119 10942 CG11320 18054 CG11465 28457 CG11639 23285 CG11821 26796
CG11190 14821 CG11321 18055 CG11466 38045 CG11641 30537 CG11821 46858
CG11194 30561 CG11323 18057 CG1147 9605 CG11642 50359 CG11823 12044
CG11196 36497 CG11324 18061 CG11474 31507 CG11648 12024 CG11824 23381
CG11197 41368 CG11325 9546 CG11475 22864 CG1165 13886 CG11825 33917
CG11198 8105 CG11326 7535 CG11482 12685 CG11652 38549 CG11825 49834
CG11199 51707 CG11329 18065 CG11486 51713 CG11654 16251 CG11833 4417

CG1120 18184 CG1133 51292 CG11488 31508 CG11655 9131 CG11836 38570
CG11200 4725 CG11333 44110 CG11489 47544 CG11658 16255 CG11837 38574
CG11201 31456 CG11334 38485 CG11490 20040 CG11659 16260 €G11838 31575
CG11202 37656 CG11335 17259 CG11495 6459 CG11660 18526 CG11839 31576
CG11206 42943 CG11337 16420 CG11502 37087 CG11661 12778 CG11840 7247

CG11207 7833 CG11339 45390 CG11505 15286 CG11661 50393 CG11844 17245
CG11208 4720 CG1134 7481 CG11508 38519 CG11665 7314 CG11847 38578
CG11210 7363 CG11342 38488 CG11511 38526 CG11669 15794 CG11848 18717
CG11217 28762 CG11348 33824 CG11513 16206 CG1167 6225 CG11849 37753
CG11221 42947 CG11348 39421 CG11514 13705 CG11671 41146 CG11851 3419

CG11228 7823 CG1135 15613 CG11518 19692 CG11678 17242 CG11856 38581
CG11233 45386 CG11356 33812 CG1152 38041 CG11679 14834 CG11857 23203
CG11236 38460 CG11357 5027 €G11522 51715 CG1168 30816 €G11858 31579
CG11237 38462 CG11360 38491 €G11523 16210 CG11680 19691 CG11858 49586
CG11242 38463 CG11367 40900 CG11523 46794 CG11685 16267 CG11859 47401
CG11246 11203 CG11367 40900 CG11525 13654 CG11687 46097 CG11861 16331
CG11250 35501 CG11374 15561 CG11526 16211 CG11699 15861 CG11866 31582
CG11251 38467 CG11376 40673 CG11529 37098 CG11709 5594 CG11870 16334
CG11253 31473 CG11386 38493 CG11533 45120 CG11716 16283 CG11873 16337
CG11254 18198 CG11386 38493 CG11534 16216 CG1172 44113 CG11874 4418

CG11255 17534 CG11386 49657 CG11537 4118 CG11722 44114 CG11875 16342
CG11257 31475 CG11386 49657 CG11539 31518 CG11726 17545 CG11877 49372
CG11258 23376 CG11387 5687 CG11539 49580 CG11727 17549 CG11880 22867
CG11259 17537 CG11388 3604 CG11546 31522 CG11734 45302 CG11881 16352
CG1126 18200 CG1139 8907 CG11547 31525 CG11737 5807 CG11883 38590
CG11262 16912 CG11392 42959 CG11551 48368 CG11738 16289 CG11886 42970
CG11263 31112 CG11393 33839 CG11556 52439 CG11739 44562 CG11887 17560
CG11265 41097 CG11393 47725 CG11561 9542 CG11750 45978 CG11888 44134
CG11266 12945 CG11395 16696 CG11567 44232 CG11753 33829 CG11895 51379
CG11267 47087 CG11396 18073 CG11568 30060 CG11755 17555 CG11896 38596
CG11268 5240 CG11397 10937 CG11569 8706 CG11757 16296 CG11897 28259
CG11270 8322 CG11399 31489 CG11573 52126 CG11759 16298 CG11898 4430

CG11274 6439 CG1140 22859 CG11576 7577 CG11760 11925 CG11899 43549
CG11276 35718 CG11401 16768 CG11577 14334 CG11760 39217 CG11900 6430

CG11276 50021 CG11408 45394 CG11579 7767 CG11761 9963 CG11901 31589
CG11278 8361 CG1141 18081 CG1158 9455 CG11763 45981 CG11907 49328
CG1128 6420 CG11412 49370 CG11582 35379 CG11765 18708 CG11909 14735
CG11280 5242 CG11414 31494 CG11586 31531 CG11770 16801 CG11913 16366
CG11281 5247 CG11416 40674 CG11588 8348 CG11771 18946 CG11921 13719
CG11282 3046 CG11417 18087 CG11589 30353 CG11778 7374 CG11922 13721
CG11282 27097 CG11418 31497 CG11590 19867 CG11779 16309 CG11926 38600
CG11284 31482 CG11419 20027 CG11591 22770 CG11780 42092 CG1193 31598
CG1129 38471 CG11423 38500 CG11592 2495 CG11781 24483 CG11935 15472
CG11290 37527 CG11426 42600 CG11593 16227 CG11781 49584 CG11936 37927
CG11294 10497 CG11427 38504 CG11594 28311 CG11783 10958 CG11940 16369
CG11295 31484 CG11428 38508 CG11596 35505 CG11788 47245 CG11943 38608
CG11299 38481 CG11430 12221 CG11597 38541 CG1179 14123 CG11949 9787

CG1130 41070 CG11440 42592 CG11598 49831 CG1179 49832 CG11951 16532
CG11301 15344 CG11444 31501 CG11600 42964 CG11793 31551 CG11951 48791
CG11305 18043 CG11444 50278 CG11601 42737 CG11796 31563 CG11956 3335

CG11306 8448 CG11446 26839 CG11601 50814 CG11799 45697 CG11958 1335

CG11308 31487 CG11446 43370 CG11606 44093 CG1180 13842 CG11963 20097
CG11309 7513 CG11447 16199 CG11607 15876 CG11801 30042 CG11963 50300
CG1131 18048 CG11448 16202 CG11608 19932 CG11802 31570 CG11964 35511
CG11312 31488 CG11449 31503 CG1161 44964 CG11804 16313 CG11968 20130



APPENDIX 107

CG11975 26799 CG12101 18739 CG12210 30605 CG12333 23091 CG1252 4566

CG11980 38616 CG12104 16398 CG12211 38634 CG12334 17079 CG12524 28745
CG11981 31608 CG12106 16400 CG12211 38634 CG12338 35521 CG12529 3337

CG11982 38623 CG12107 8731 CG12212 3788 CG12339 17081 CG12531 6203

CG11984 31615 CG12108 5499 CG12214 31689 CG1234 17084 CG12532 7720

CG11985 22773 CG12109 20151 CG12215 8754 CG12340 22878 CG12533 11670
CG11986 20136 CG12110 38626 CG12217 31690 CG12341 7391 CG12533 11670
CG11987 10735 CG12111 16513 CG12218 31693 CG12342 31736 CG12539 38689
CG11988 10662 CG12113 18742 CG12220 23040 CG12343 31737 CG12542 51748
CG11989 31619 CG12116 6498 CG12223 41029 CG12345 20183 CG12544 31961
CG11990 28318 CG12117 17018 CG12225 31701 CG12345 20183 CG12548 31964
CG11992 49413 CG12118 13340 CG12230 4548 CG12345x 40918 CG12560 29725
CG11994 18719 CG1212 41479 CG12231 31705 CG12346 20185 CG1257 31974
CG11999 16423 CG12125 5492 CG12233 41191 CG12346 48112 CG1258 46137
CG1200 50007 CG12127 3295 CG12233 50829 CG12352 31741 CG12582 15028
CG12000 16381 CG12128 42979 CG12234 31706 CG12355 47109 CG12598 7763

CG12001 16383 CG12129 17065 €G12235 31711 CG12357 50433 CG12600 31993
CG12002 15277 CG1213 6487 CG12238 38637 CG12358 46299 CG12602 6121

CG12004 10287 CG12130 7388 CG12240 6655 CG12359 31744 CG12605 20250
CG12005 11205 CG12131 45744 CG12244 20166 CG1236 17789 CG12605 49556
CG12006 39481 CG12132 31651 CG12245 2961 CG12360 41487 CG12608 24629
CG12007 20137 CG12134 31654 CG12245 2961 €G12361 10513 CG12608 49840
CG12008 37075 CG12135 17032 CG1225 31716 CG12362 31747 CG1263 17262
CG12010 6463 CG12136 5520 CG12252 38640 CG12363 31749 CG12630 18762
CG12012 33097 CG12139 1110 CG12253 31719 CG12366 44045 CG12630 48656
CG12014 13990 CG12139 5094 CG12254 47922 CG12367 31920 CG1264 2990

CG12016 22871 CG12139 27242 CG12259 38646 CG12369 35524 CG12646 17267
CG12018 13621 CG1214 4080 CG12261 17060 CG12370 43314 CG12647 22781
CG12019 47776 CG12140 15508 CG12262 15053 CG12373 24521 CG12648 23518
CG12020 18727 CG12149 17035 CG12263 10060 CG12374 13919 CG1265 44951
CG12021 31620 CG12151 31661 CG12265 43112 CG12375 45309 CG12653 12668
CG12024 20143 CG12152 17037 CG12267 43528 CG12376 22879 CG12657 29843
CG12025 4098 CG12153 13690 CG12268 1166 CG12384 36388 CG12659 31757
CG12026 42480 CG12154 51480 CG1227 38648 CG1239 17100 CG12661 47422
CG12026 43385 CG12156 31666 CG12272 18749 CG12390 38682 CG1268 9174

CG12029 26980 CG12157 13177 CG12273 42919 CG12395 17101 CG12690 15743
CG12030 16385 CG1216 17043 CG12275 44589 CG12396 31927 CG12698 18256
CG12031 15877 CG12161 31669 CG12276 18528 CG12397 47517 CG12701 38706
CG12038 51178 CG12162 20156 CG12276 47257 CG12398 11540 CG12702 24588
CG12042 31623 CG12163 12787 CG12278 29484 CG12399 12635 CG1271 13044
CG12048 1346 CG12163 15366 CG12279 44123 CG1240 45758 CG12713 17296
CG12050 42976 CG12163 46406 CG1228 38652 CG12400 37462 CG12723 41389
CG12051 12456 CG12165 17044 CG12283 4761 CG12403 17102 CG12727 17302
CG12052 12574 CG12169 38630 CG12283 36252 CG12403 46397 CG12728 24592
CG12054 45986 CG12170 31672 CG12283 43521 CG12404 1463 CG12728 52287
CG12055 31631 CG12171 47411 CG12286 37348 CG12405 24522 CG12733 24601
CG12058 31635 CG12173 31674 CG12287 30708 CG12405 50772 CG12734 32008
CG12068 16388 CG12175 32503 CG12287 52272 CG12410 9727 CG12737 24604
CG12068 50111 CG12175 48909 CG12289 31724 CG1242 7716 CG1274 43254
CG12070 51129 CG12176 12627 CG12297 7926 CG12424 25222 CG12740 18090
CG12071 49512 CG12178 7245 CG12298 45402 CG1245 13697 CG12740 49123
CG12072 9928 CG1218 31685 CG12301 51733 CG12455 3849 CG12743 47431
CG12076 31639 CG1218 46777 CG12304 38654 CG12467 41377 CG12746 33313
CG12077 4125 CG12186 17068 CG12306 20177 CG12467 46883 CG12749 51759
CG12078 15288 CG12189 13617 CG1231 17076 CG12477 31942 CG1275 4103

CG12079 13856 CG12190 52138 CG12311 5583 CG12478 35526 CG12750 17304
CG12081 31642 CG12192 41484 CG12313 4075 CG12489 20239 CG12752 44146
CG12082 17568 CG12194 7846 CG12314 48764 CG1249 31947 CG12752 52631
CG12083 7434 CG12194 46796 CG12317 45191 CG12497 24549 CG12753 1617

CG12084 31646 CG12200 31688 CG12318 12375 CG12498 17793 CG12756 31761
CG12085 20144 CG12200 50229 CG12320 17781 CG12499 24550 CG12759 17306
CG12090 16390 CG12201 42648 CG12321 17077 CG1250 24552 CG1276 17917
CG12091 13985 CG12202 17571 CG12323 38658 CG12505 31122 CG12765 17307
CG12092 35514 CG12203 42983 CG12324 17785 CG12505 48131 CG12766 50403
CG12093 41293 CG12207 18747 CG12324 49105 CG12506 19879 CG12770 31894
CG12099 18734 CG12208 20157 CG12325 31726 CG12506 50327 CG12772 46140
CG1210 18736 CG1221 15396 CG12327 8372 CG12511 12451 CG12773 9899



APPENDIX 108

CG12775 32016 CG1303 41494 CG13309 14133 CG13521 4329 CG13773 43011
CG12782 31857 CG1303 50742 CG13310 43960 CG13521 42241 CG13775 44814
CG12785 31830 CG13030 17117 CG13311 51574 CG13521 42578 CG13777 41507
CG12787 7854 CG13032 29454 CG13312 14060 CG13526 32206 CG13778 17701
CG12788 23044 CG13035 14247 CG1332 32175 CG13531 17230 CG13779 31789
CG12788 49610 CG13037 32138 CG13320 23866 CG13533 6633 CG13779 49153
CG12789 33153 CG13072 18099 CG13322 32178 CG1354 17235 CG1378 6236

CG12792 41489 CG13072 49484 CG13326 18784 CG13551 31786 CG13780 7629

CG12795 32019 CG13076 45906 CG1333 51169 CG13559 6644 CG13784 8042

CG12797 32021 CG13077 51496 CG13334 15005 CG13567 43344 CG1379 41030
CG12799 20260 CG13078 3917 CG13343 17137 CG13570 23895 CG1380 44934
CG12812 32025 CG1308 44503 CG13344 17141 CG1358 13313 CG13801 45925
CG12813 31094 CG13089 2810 CG13345 17145 CG13585 13323 CG13807 47439
CG12816 17314 CG1309 37227 CG13348 36555 CG13585 50392 CG13809 24793
CG12817 40655 CG13090 43558 CG13349 23873 CG13588 45755 CG1381 24797
CG12818 31898 CG13091 11729 CG13350 44474 CG13597 32225 CG13822 38068
CG12818 46248 CG13095 15541 CG13364 28464 CG13598 32230 CG13827 24481
CG12822 32031 CG13096 41499 CG13364 48265 CG13601 19953 CG13829 28321
CG12833 32038 CG13097 38675 CG13366 29606 CG13602 32235 CG13830 44583
CG12836 24614 CG13098 38015 CG13367 17157 CG13603 6778 CG13832 24802
CG12846 52561 CG13108 43559 CG13369 17161 CG13604 32239 CG13833 6845

CG12848 31900 CG13109 15709 CG13375 2944 CG13605 1170 CG13842 17714
CG12855 5639 CG1311 39695 CG13379 17167 CG13608 22713 CG13844 29689
CG12858 1688 CG13124 29648 CG13383 23886 CG13609 17326 CG13849 52165
CG12859 8787 CG13125 17123 CG13383 50566 CG13610 1176 CG13850 15233
CG1287 12127 CG13137 41500 CG13384 44246 CG13610 48870 €G13852 17716
CG12876 32047 CG13139 32146 CG13387 3347 CG13611 45793 CG13855 17717
CG12877 20265 CG13142 24511 CG13388 5647 CG13617 32247 CG13859 17718
CG12878 38722 CG1315 47096 CG13389 17168 CG1362 32249 CG13859 48179
CG12879 4407 CG13151 39782 CG13390 17169 CG13623 17334 CG1386 13188
CG12891 4047 CG1316 23851 €G13391 17171 CG13624 32250 CG13867 24806
CG12892 20270 CG13160 4629 CG13393 33164 CG13626 1209 CG13875 44819
CG12895 18093 CG13162 32148 CG13396 30760 CG13628 29253 CG13876 39817
CG12895 49607 CG13163 39785 CG13398 38669 CG13633 14398 CG13880 24809
CG12896 32111 CG13167 18770 CG13399 31781 CG13645 32255 CG13886 17730
CG12904 10268 CG13168 18776 CG13399 50778 CG13646 1421 CG13887 23207
CG12909 32114 CG1317 4106 CG1340 32192 CG13651 11515 CG13889 17732
CG1291 32116 CG13175 50775 CG13400 29954 CG13654 13550 CG1389 1016

CG12913 44296 CG13176 24643 CG13401 43572 CG13661 14730 CG1389 4298

CG12915 38737 CG13178 44816 CG13402 30051 CG13663 6731 CG1389 36280
CG12918 38082 CG13185 18782 CG13404 30255 CG13667 36578 CG13890 24813
CG12919 45252 CG1319 39792 CG13409 47577 CG13671 52026 CG13892 44823
€G12921 20271 CG13190 43001 CG1341 17176 CG13686 31867 CG13893 32077
CG12924 20280 CG13192 32157 CG13410 13443 CG13688 43824 CG13898 23905
CG12929 4180 CG13197 36422 CG13415 17178 CG13690 24648 CG13900 18955
CG12935 47569 CG1320 18101 CG13415 49138 CG13691 32058 CG13906 12584
CG12936 38750 CG1320 52257 CG13418 39049 CG13693 46527 CG1391 17740
CG12938 38754 CG13201 2976 CG13423 45404 CG13702 50000 CG13916 51569
CG12938 50331 CG13202 28290 CG13424 10514 CG1371 13276 CG13917 32082
CG12948 41492 CG13213 43004 CG13425 2912 CG1372 4309 CG13919 4086

CG12951 16569 CG1322 42856 CG13426 8821 CG1372 36346 CG13920 46993
CG12951 46921 CG13221 32164 CG1343 12606 CG13722 30939 CG13922 41516
CG12954 18765 CG13223 1684 CG13430 49662 CG13722 46470 CG13926 15261
CG12956 13014 CG13232 28772 CG13431 40834 CG1374 16892 CG13927 4084

CG12959 17946 CG13251 17127 CG13442 4736 CG13743 40974 CG13929 17752
CG12975 18098 CG13252 33301 CG1345 17187 CG13744 44796 CG13930 17753
CG12990 6160 CG13263 17129 CG13458 17193 CG13745 24655 CG13937 3375

CG12993 20304 CG1327 31086 CG13466 3152 CG13746 41403 CG13941 3464

CG12994 11864 CG13277 23862 CG13467 17196 CG13748 43985 CG13946 17858
CG12995 13346 CG13281 12648 CG1347 24515 CG1375 39808 CG1395 17760
CG12997 33914 CG13287 36601 CG13470 17198 CG13752 877 CG13956 17766
CG13001 42347 CG13293 39797 CG13472 32193 CG13752 3070 CG13957 31840
CG13016 37428 CG13295 32171 CG13473 32195 CG13756 29592 CG13969 8070

CG13018 33859 CG13296 17133 CG13475 12608 CG13758 42724 CG13972 47444
CG13019 31769 CG13298 31777 CG1349 17214 CG13760 17698 CG13977 1294

CG13020 17116 CG13306 44960 CG13502 32203 CG13771 31868 CG13978 47488
CG13029 8502 CG13308 13862 CG13510 28433 CG13772 44236 CG13985 51447



APPENDIX 109

CG1399 24826 CG14174 17416 CG14407 43020 CG14621 8661 CG14813 41549
CG13993 18210 CG1418 37728 CG1441 4034 CG14622 24885 CG14814 41553
CG13994 31791 CG14181 42548 CG14411 17579 CG1463 31877 CG14815 43473
CG13994 48622 CG14182 5370 CG14413 22740 CG14630 24894 CG14816 51655
CG13996 46532 CG14183 17423 CG14414 18217 CG1464 42845 CG14817 26894
CG13999 7889 CG14184 35613 CG14414 48176 CG14641 38790 CG14818 40700
CG14001 45028 CG14185 32097 CG1442 17580 CG14647 18297 CG14820 15456
CG1401 52176 CG14192 35684 CG14428 9730 CG14648 23918 CG14824 45594
CG14013 17343 CG14194 6181 CG14428 39362 CG14650 45458 CG14825 41554
CG14015 45891 CG14198 51785 CG14429 11683 CG1467 8644 CG1484 39528
CG14016 28329 CG14199 40884 CG1443 1333 CG14670 32301 CG14853 39734
CG14016 49613 CG1420 32100 CG14435 17600 CG14671 51803 CG14861 47458
CG1402 39251 CG14201 37047 CG14437 17602 CG14680 32304 CG14865 28532
CG14020 44221 CG14206 49844 CG1444 40949 CG14683 52664 CG14866 18419
CG14022 31796 CG14208 37420 CG14440 23916 CG14685 24905 CG14868 51810
CG14022 48332 CG14208 50572 CG14440 48156 CG14688 39840 CG14869 33347
CG14023 36480 CG14209 49642 CG14444 17621 CG14689 24907 CG1487 41559
CG14024 13402 CG14210 31803 CG14446 10274 CG14690 5985 CG14870 46307
CG14025 13998 CG14210 49168 CG14463 44552 CG14693 18332 CG14881 31821
CG14026 862 CG14211 3146 CG1447 19831 CG14694 5994 CG14882 38838
CG14026 3059 CG14212 17429 CG14472 17648 CG14701 28517 CG14883 8028

CG14028 13403 CG14213 32104 CG14476 48375 CG14704 13159 CG14885 46916
CG14028 33841 CG14214 11989 CG14477 28731 CG14709 6053 CG14887 48256
CG14029 5650 CG14214 46474 CG14480 32270 CG1471 30189 CG1489 24936
CG1403 17344 CG14216 18212 CG14480 46974 CG14712 18347 CG1489 46803
CG14030 24833 CG14217 17432 CG14482 33849 CG14715 12829 CG14893 43598
CG14031 48920 CG1422 44510 CG1449 13305 CG14717 38813 CG14895 39843
CG14033 23052 CG14221 32106 CG14490 17660 CG14718 32311 CG14898 18229
CG14034 32085 CG14222 18213 CG14505 17683 CG1472 44460 CG14898 49177
CG14036 28475 CG14224 47449 CG14507 35712 CG14721 18354 CG1490 18231
CG1404 24835 CG14228 7161 CG1451 51468 CG14721 50259 CG14902 43028
CG14040 13399 CG14230 46903 CG14511 4426 CG14722 23919 CG14903 40658
CG14041 39821 CG14232 47897 CG14512 41527 CG14724 44490 CG14903 49107
CG14043 17351 CG14234 30309 CG14512 47661 CG14739 18358 CG14905 39848
CG14048 39648 CG14235 26848 CG14513 26806 CG1474 42996 CG14906 31851
CG1405 31908 CG14238 2673 CG14514 41530 CG14740 32318 CG14909 9082

CG14057 22718 CG14255 39397 CG14514 49989 CG14743 4142 CG1492 8320

CG14057 48963 CG14256 35615 CG14515 51637 CG14744 40829 CG14921 32331
CG1406 17358 CG14267 24615 CG14517 42693 CG14745 6444 CG14933 7683

CG14066 24841 CG14268 14535 CG14522 32275 CG14745 52289 CG14933 33920
CG1407 50031 CG1427 17457 CG1453 41534 CG14746 43201 CG14934 15833
CG14073 39823 CG14270 17459 CG14536 11725 CG14746 50792 CG14936 6123

CG14077 7563 CG14271 31807 CG14542 24869 CG14749 24917 CG14938 7779

CG14079 14337 CG14283 37802 CG14543 4563 CG1475 24921 CG14939 32334
CG14080 45415 CG14283 50292 CG14544 32279 CG14750 38821 CG14940 31038
CG14084 8420 CG14286 17463 CG14547 14767 CG14757 38293 CG14941 5690

CG14085 45757 CG1429 15549 CG14549 43588 CG14763 8737 CG14945 13459
CG1409 30988 CG14290 15858 CG1455 32283 CG14767 50355 CG14946 38306
CG1410 24845 CG14291 16897 CG1455 49987 CG14771 45498 CG14956 3254

CG1410 50568 CG14296 24617 CG14550 4369 CG14777 9737 CG14962 39855
CG14100 46739 CG14299 17469 CG14550 50317 CG14778 44970 CG14965 31848
CG14105 17388 CG1430 17473 CG14551 24625 CG14783 18226 CG14966 43612
CG1411 15320 CG14303 17474 CG14562 32286 CG14786 42899 CG14966 47189
CG1412 43955 CG14305 17477 CG14575 13384 CG14788 18379 CG14967 44431
CG14122 51782 CG14322 30026 CG14575 43325 CG14789 41361 CG14969 8913

CG14127 32914 CG14325 17485 CG14577 9117 CG14792 38823 CG14971 39479
CG14130 31911 CG1433 17490 CG1458 4439 CG14792 50129 CG14977 18233
CG14133 23322 CG14339 17493 CG1458 33925 CG14793 3195 CG14980 18479
CG1414 12630 CG1434 30996 CG14591 9945 CG14801 38826 CG14983 32341
CG14142 17410 CG14353 24860 CG14593 1658 CG14802 28264 CG14985 32342
CG14149 24851 CG14366 17505 CG14611 31811 CG14802 48491 CG14991 18484
CG1416 41548 CG1438 8631 CG14615 24872 CG14803 18395 CG14991 46494
CG14163 5201 CG14394 39307 CG14617 24874 CG14804 18396 CG14992 39857
CG14164 17863 CG14396 842 CG14618 50597 CG14805 32325 CG14993 43032
CG14164 48825 CG14396 12292 CG14619 37930 CG14806 45107 CG14994 32344
CG14168 17414 CG14396 29907 CG1462 6862 CG14808 8305 CG14995 12725
CG1417 18561 CG1440 24622 CG14620 24881 CG14812 31815 CG14996 5654



APPENDIX 110

CG14997 47016 CG15150 19332 CG15388 32599 CG15619 40007 CG15819 32385
CG14998 18491 CG15154 51821 CG15388 32599 CG15624 7858 CG1582 19617
CG14999 37756 CG1516 41576 CG15389 52199 CG15625 29368 CG15820 43874
CG1500 39575 CG15160 44601 CG15389 52199 CG15626 7844 CG1583 8928

CG15000 6273 CG15161 25198 CG1539 32601 CG15629 7839 CG1583 50353
CG15000 6273 CG15168 12248 CG15390 25112 CG15629 49077 CG15835 32652
CG15001 24943 CG15168 48614 CG15395 39929 CG15635 46490 CG1584 10677
CG15011 51517 CG1517 3306 CG15398 8873 CG15636 13072 CG15862 39437
CG15012 9176 CG1518 12250 CG15399 19450 CG15637 44029 CG15865 19157
CG15014 43615 CG1518 48653 CG15400 7261 CG15644 41587 CG1587 19061
CG15015 18492 CG15187 30628 CG15403 29945 CG15645 20206 CG15871 43691
CG15016 38842 CG1519 46544 CG15405 52652 CG15645 52291 CG15877 40031
CG15019 28438 CG15191 16751 CG1542 39976 CG15651 37206 CG15879 38899
CG1502 14894 CG15191 48720 CG15427 3064 CG15653 8827 CG15879 46754
CG15021 52038 CG1520 13757 CG15427 27046 CG15655 6586 CG15881 32390
CG15027 24627 CG15208 19368 CG15429 19462 CG15661 16904 CG15890 11538
CG1503 32349 CG15211 35704 CG1543 51667 CG15663 15445 CG15897 41618
CG15035 32352 CG15216 32541 CG15432 19466 CG15666 40013 CG15898 33897
CG15037 37789 CG15218 36216 CG15432 49216 CG15667 19150 CG15898 41114
CG1506 33217 CG1522 5551 CG15433 19470 CG15669 19536 CG15902 8577

CG15069 44611 CG15220 15380 CG15434 29236 CG15671 2938 CG15907 40762
CG1507 12765 CG15224 32378 CG15438 7303 CG15676 20121 CG15908 19623
CG1507 48249 CG1523 25199 CG15439 19490 CG1569 19152 CG1591 38908
CG15072 39866 CG15237 47255 CG15440 19494 CG15693 32383 CG15910 38910
CG15077 18524 CG1524 39870 CG15441 29123 CG15694 40018 CG15912 32654
CG15078 10061 CG15253 30729 CG15442 49184 CG15696 16979 CG15914 41571
CG15081 32361 CG15254 15604 CG15442 49184 CG15697 32511 CG15916 19627
CG15087 32527 CG15255 12412 CG15444 8880 CG15701 19541 CG15923 37373
CG15093 5655 CG15257 3837 CG15445 29158 CG15706 4907 CG15925 8982

CG15094 5002 CG15261 24964 CG15448 30894 CG1571 51846 CG15929 26830
CG15096 39463 CG15262 25100 CG15450 8645 CG15715 28563 CG1594 40037
CG15097 25188 CG15266 51827 CG15455 30539 CG15723 28566 CG1597 37383
CG15099 20126 CG15270 3829 CG15456 23106 CG1573 22915 CG1598 32391
CG15100 25193 CG1528 25101 CG15467 41584 CG15730 19582 CG1599 13317
CG15101 13749 CG15283 28550 CG15468 25116 CG15735 33813 CG1607 13793
CG15102 30909 CG15287 19379 CG15471 19504 CG15736 23926 CG1609 32664
CG15104 10642 CG15288 3141 CG1548 31012 CG15737 19584 CG1615 40953
CG15105 19290 CG15297 29623 CG15481 32612 CG15738 47929 CG1616 44484
CG15106 5008 CG15298 38884 CG15483 30763 CG15739 14890 CG1617 23822
CG1511 4771 CG15299 43501 CG15498 19508 CG15743 42685 CG1618 46483
CG1511 6545 CG1530 45166 CG15507 19512 CG15744 1095 CG1620 12682
CG1511 27236 CG15300 25140 CG15509 6212 CG15744 4801 CG1622 38915
CG15110 37185 CG15304 11317 CG15523 47481 CG15749 16744 CG1624 41623
CG15111 37189 CG15304 47846 CG15524 25072 CG1575 19153 CG1625 32668
CG15112 43056 CG15305 29622 CG15525 39993 CG15751 19594 CG1627 14900
CG15113 9558 CG15309 19388 CG15525 48660 CG15752 43686 CG1628 47475
CG15113 46485 CG1531 22901 CG15526 19518 CG15759 41597 CG1630 19159
CG15116 30877 CG15318 32382 CG15527 39323 CG15762 29871 CG1634 6688

CG15117 47527 CG15319 3787 CG15528 14865 CG1577 23356 CG1634 27202
CG15118 16854 CG1532 19398 CG15529 14867 CG15771 43689 CG1635 32672
CG1512 19298 CG15329 32564 CG15529 50227 CG15772 46284 CG1637 12932
CG15120 32374 CG15331 39285 CG1553 52179 CG15775 28570 CG1638 32676
CG15120 46222 CG1534 43097 CG15532 39877 CG15775 39358 CG1638 46275
CG1513 39148 CG15340 39973 CG15533 42520 CG15776 19611 CG1639 23825
CG1513 48600 CG15341 43660 CG15534 30186 CG15776 47248 CG1640 32680
CG15130 43491 CG15342 19428 CG15535 26825 CG1578 41599 CG1646 32682
CG15133 8059 CG15343 29569 CG15547 32621 CG15792 7819 CG1650 12568
CG15134 19305 CG15358 13372 CG1555 11322 CG15793 40025 CG1652 38104
CG1514 5467 CG1536 32579 CG15551 10263 CG15797 41603 CG1656 35555
CG15141 19307 CG15362 38282 CG15552 45961 CG15803 43635 CG1657 19649
CG15142 19309 CG15365 47648 CG15556 1791 CG15804 48153 CG1658 19066
CG15143 25195 CG15368 32583 CG15561 41582 CG15804 48544 CG1658 19066
CG15144 19315 CG15372 13184 CG1560 29619 CG15811 19696 CG1658 19066
CG15145 19316 CG15373 19439 CG15602 40001 CG15814 30429 CG1659 19653
CG15147 19320 CG15378 22908 CG15609 43406 CG15816 19616 CG1660 28801
CG15148 19323 CG15385 51859 CG15610 25074 CG15817 41605 CG1662 12197
CG1515 19329 CG15387 35759 CG15618 40006 CG15818 15537 CG1662 50409



APPENDIX 111

CG1664 32690 CG1688 30269 CG17035 44443 CG17221 25229 CG1743 32929
CG1665 9958 CG16882 52426 CG17036 2869 CG17223 2608 CG17437 38925
CG1666 32693 CG16884 51363 CG1704 32451 CG17224 41177 CG17440 20445
CG1666 50144 CG16885 48049 CG17043 8777 CG17227 13330 CG17441 13444
CG1667 4031 CG16886 38026 CG17048 8780 CG17230 20409 CG17446 20453
CG1669 52246 CG16889 32766 CG17051 25209 CG17233 25231 CG17446 47221
CG16700 6145 CG16890 40044 CG17054 40047 CG1724 30315 CG17450 50795
CG16705 30972 CG16892 23844 CG17059 23535 CG17245 8383 CG17461 43639
CG16708 43413 CG16894 10067 CG17060 28758 CG17245 27220 CG17462 19801
CG1671 32697 CG16896 20316 CG17060 46791 CG17245 46687 CG1747 32932
CG16716 40042 CG16899 15732 CG17064 32841 CG17248 44011 CG1748 32933
CG16717 29199 CG16901 32395 CG17065 32845 CG17248 49202 CG1749 32937
CG16718 37472 CG16902 37067 CG17068 32850 CG17249 19170 CG17492 40078
CG16719 39934 CG16903 37572 CG1707 26832 CG1725 41136 CG17494 8199
CG16721 25201 CG16905 12130 CG17075 2487 CG17251 48024 CG17498 25264
CG16725 45447 CG16905 48663 CG17077 7170 CG17252 20410 CG17498 47918
CG1673 25204 CG16908 32767 CG17081 14194 CG17255 48633 CG17508 1487
CG16732 1148 CG1691 20321 CG17083 39937 CG17256 40052 CG17509 36527
CG16733 47020 CG16910 7723 CG1709 22925 CG17257 2611 CG1751 51149
CG16738 15749 CG16912 20327 CG17090 32855 CG17258 44372 CG17514 47269
CG16740 7210 CG1692 20329 CG17097 41244 CG17262 2614 CG17521 19084
CG16742 23832 CG16928 30476 CG17098 46309 CG17265 36479 CG17523 32945
CG16749 7555 CG1693 43841 CG1710 46998 CG17266 25243 CG17525 20472
CG16749 46390 CG16932 19165 CG17100 42821 CG17268 40056 CG1753 32946
CG1675 32712 CG16933 35558 CG17109 32858 CG17268 46876 CG1754 8651

CG16751 19069 CG16938 20334 CG17109 50820 CG17272 32874 CG17540 32948
CG16756 45655 CG16940 51853 CG17117 12764 CG1728 28805 CG17544 47934
CG16757 19658 CG16941 20338 CG17118 37624 CG17280 12965 CG17556 20483
CG16758 32714 CG16944 11968 CG17119 51127 CG17284 2558 CG17556 49518
CG1676 32719 CG16944 48582 CG17121 49341 CG17286 36623 CG17559 6547
CG16764 26976 CG1695 20340 CG17122 25212 CG17287 49415 CG17559 8002

CG16766 51387 CG1695 48062 CG17124 19078 CG17291 49672 CG17559 27057
CG1677 50195 CG16952 19166 CG17134 18110 CG17293 25246 CG1756 37517
CG16771 6386 CG16954 19167 CG17136 21083 CG17294 39105 CG17560 52002
CG16779 40824 CG1696 12939 CG17137 39107 CG17301 25252 CG17562 37365
CG16781 7018 CG16965 32782 CG17141 50241 CG17302 32875 CG17564 47273
CG16783 32724 CG1697 44414 CG17143 46676 CG17309 32877 CG17565 32951
CG16784 48045 CG16975 52247 CG17146 25214 CG1732 13359 CG17566 25271
CG16785 30214 CG16979 51594 CG17149 25218 CG17320 49013 CG17569 41657
CG16787 19661 CG16982 32399 CG1715 52253 CG17324 6379 CG17574 45729
CG16787 48685 CG16983 32790 CG17150 35624 CG17326 32878 CG17577 4664
CG16788 51851 CG16983 46605 CG17158 45668 CG17327 41654 CG1759 3361

CG16789 32729 CG16985 32401 CG1716 30707 CG17329 19171 CG1759 49563
CG16790 19160 CG16986 39129 CG17161 12680 CG17331 19079 CG17592 30452
CG16799 35709 CG16987 13418 CG17166 20388 CG17332 19173 CG17593 13029
CG16801 37617 CG16988 32798 CG17168 41625 CG17335 46117 CG17595 29228
CG16804 16806 CG16989 32802 CG17170 32868 CG17336 37408 CG17596 5702

CG16807 23843 CG16995 23078 CG17173 8370 CG17342 32885 CG17597 25276
CG1681 43041 CG17002 39883 CG1718 44449 CG17348 3047 CG17597 49204
CG16812 14972 CG17003 32804 CG17180 29141 CG17348 27053 CG17598 32956
CG16817 15309 CG17004 11471 CG17181 20396 CG17349 32887 CG17599 14682
CG16827 37172 CG17018 32810 CG17183 32459 CG17358 12654 CG1760 32961
CG1683 45174 CG17019 48749 CG17184 20401 CG1736 32889 CG17603 41099
CG16833 32741 CG1702 48635 CG17187 40051 CG17360 40070 CG17604 32962
CG16837 32749 CG17024 50187 CG17195 1435 CG17367 32892 CG17608 51162
CG16838 32754 CG17026 32813 CG17196 6743 CG17369 46553 CG17610 3121

CG16840 20305 CG17026 49199 CG17197 1433 CG17370 1438 CG17610 4331

CG16857 4806 CG17027 32817 CG17198 1432 CG17378 47367 CG17610 36251
CG16857 24479 CG17027 50076 CG17200 6024 CG1738 32464 CG17617 32965
CG16857 36224 CG17028 32819 CG17202 41628 CG17386 5701 CG17618 32403
CG16858 16986 CG17029 32822 CG17203 45360 CG17387 32902 CG1762 893

CG16863 20312 CG17029 49565 CG17204 32872 CG1739 32904 CG1762 40895
CG16865 19162 CG1703 32826 CG17204 32872 CG17396 10833 CG1762 42234
CG16868 8209 CG17030 32827 CG17207 46640 CG1740 24968 CG17633 47634
CG16873 15758 CG17031 32829 CG17209 30512 CG1740 49848 CG17636 8675

CG16874 13247 CG17033 32830 CG1721 52336 CG17419 40076 CG1764 20507
CG16879 32759 CG17034 8136 CG17219 41635 CG1742 44445 CG17642 30719



APPENDIX 112

CG17642 51611 CG17919 38204 CG18174 19272 CG18437 1310 CG1868 25379
CG17645 41658 CG17919 46473 CG18176 20604 CG1844 23268 CG1869 42877
CG1765 37059 CG17921 12773 CG18177 40844 CG18445 4039 CG1871 39287
CG17657 40088 CG17922 6599 CG18182 40134 CG1845 30436 CG1873 40156
CG17660 2684 CG17923 3976 CG18208 10215 CG1846 41672 CG1873 52343
CG17664 49979 CG17927 7164 CG1821 24977 CG18466 5705 CG18730 30745
CG17665 46744 CG1793 51476 CG18214 40138 CG18467 47282 CG18730 50098
CG17669 36538 CG17934 19093 CG18217 41665 CG1847 43701 CG18732 35641
CG1768 20518 CG17935 23556 CG1824 5554 CG18472 40148 CG18734 1020

CG17680 45211 CG17941 4312 CG18241 47967 CG18473 25341 CG18735 30914
CG17681 40972 CG17941 36219 CG18247 25304 CG1848 25343 CG1874 41680
CG17683 19180 CG17945 23558 CG18251 40143 CG18480 1072 CG18740 6969

CG17691 40686 CG17945 42407 CG18258 20621 CG18480 3821 CG18741 3391

CG17697 43077 CG17946 23560 CG18259 50094 CG1849 3025 CG18745 20686
CG1770 20522 CG17947 19182 CG1826 33049 CG18493 18930 CG18746 33399
CG1771 5671 CG17949 33025 CG1827 46039 CG18495 43705 CG18747 41252
CG17712 32987 CG17949 50797 CG18278 22936 CG18495 49680 CG18766 20694
CG17716 6561 CG1795 37738 CG18278 50084 CG18497 20637 CG18767 38251
CG17716 42237 CG17950 19026 CG1828 10916 CG18497 48846 CG18769 9501

CG17723 7461 CG17952 39468 CG18281 8438 CG18497 49543 CG1877 42445
CG17725 20529 CG1796 44862 CG18281 50086 CG18505 28285 CG18780 52484
CG17725 50252 CG17960 33029 CG18284 31030 CG18508 52071 CG18787 20697
CG17726 32991 CG17964 3014 CG18284 49221 CG1851 33133 CG18787 49686
CG17734 13791 CG17970 16988 CG18287 36660 CG18516 46403 CG18789 20699
CG17734 49497 CG17973 20571 CG18296 18866 CG1852 8309 CG18789 49689
CG17735 50189 CG17985 7355 CG1830 33054 CG18528 40149 CG18799 5528

CG17737 29215 CG1799 40116 CG18301 31023 CG18530 6109 €G18801 37110
CG17739 36542 CG17991 1277 CG18313 44735 CG18530 47205 CG18802 5838

CG1774 16622 CG17998 1835 CG18313 49211 CG18549 6098 CG18803 43082
CG17743 39529 CG1800 40118 €G18315 19101 CG1855 40150 CG18809 20702
CG17746 40102 CG18000 48333 CG18315 48613 CG18558 33366 CG18810 40825
CG1775 19689 CG18005 25290 CG18317 44203 CG1856 10855 CG18811 14011
CG17753 20536 CG18009 10443 CG18319 9413 CG18572 33375 CG18812 39224
CG17754 47274 CG18012 20580 CG18324 33234 CG18578 8573 CG18814 5283

CG17757 35772 CG18013 33041 CG18331 48500 CG18582 46044 CG18815 33414
CG17759 19088 CG18024 41080 CG18332 12821 CG18585 19917 CG18818 20705
CG17759 51116 CG18026 25291 CG18335 52470 CG18591 23569 CG1882 41406
CG17765 32405 CG1803 39945 CG18339 25317 CG18594 20650 CG18820 20706
CG17766 14531 CG18039 40929 CG18340 33128 CG18596 41675 CG18826 13336
CG17768 49674 CG18041 46031 CG18341 52475 CG18599 25363 CG18827 9894

CG17769 20544 CG18048 19184 CG18345 35571 CG18600 32470 CG18828 23572
CG17779 45670 CG18065 15361 CG18347 6076 CG18605 33377 CG18829 33415
CG17785 1181 CG18065 49677 CG1836 30498 CG18609 4994 CG1883 20711
CG17800 3115 CG18069 47280 CG18362 52606 CG1861 14872 CG18831 13007
CG17800 36233 CG18085 49924 CG1837 15660 CG18619 19110 CG18833 39189
CG17809 39572 CG1809 43231 CG18371 19193 CG18620 40811 CG18833 39352
CG17818 19089 CG18096 30873 CG18374 52478 CG18624 29883 CG18834 14590
CG17821 4997 CG18102 3798 CG18375 25332 CG18624 33893 CG18838 12187
CG17828 39887 CG18104 14933 CG18378 25333 CG18627 33386 CG1884 12571
CG17829 41659 CG18104 47186 CG1838 33132 CG18630 25366 CG18842 6932

CG1783 33007 CG18110 1349 CG18380 20634 CG18631 47215 CG18843 24340
CG17835 49950 CG18112 43415 CG18381 25335 CG18635 8993 CG18844 28816
CG17838 33012 CG1812 15491 CG18389 13075 CG1864 2971 CG18844 39335
CG17840 45037 CG18128 40127 CG1839 15476 CG18642 7266 CG18845 14934
CG17841 5530 CG18130 20599 CG18398 43647 CG18647 9409 CG18846 29892
CG1785 52467 CG18136 13128 CG18402 991 CG18654 38239 CG18848 45684
CG17856 33016 CG1814 19096 CG18405 4743 CG18656 14038 CG18849 42391
CG1787 5503 CG18144 23306 CG18405 36147 CG1866 20670 CG18851 20721
CG17870 48724 CG18146 3120 CG18408 19054 CG18660 51459 CG18853 50099
CG17888 37769 CG18146 3705 CG18412 50024 CG18662 26833 CG18858 50800
CG1789 20567 CG18146 36261 CG18412 50027 CG18667 25371 CG1886 8315

CG17894 37673 CG1815 40132 CG18414 10679 CG18668 20673 CG1890 39894
CG17896 5580 CG18155 42446 CG18418 9008 CG18671 33394 CG1891 42456
CG17903 33019 CG1817 1101 CG18419 42776 CG18675 33397 CG1891 46350
CG17904 41660 CG1817 8010 CG18428 35638 CG18678 23225 CG1893 20729
CG17907 3968 CG18171 25299 CG18432 25336 CG18679 3128 CG1894 41574
CG17912 40107 CG18173 4092 CG18436 16523 CG18679 36153 CG1897 7791



APPENDIX 113

CG1898 33420 CG2019 10004 CG2158 20824 CG2380 14918 CG2781 48139
CG1900 29259 CG2022 9049 CG2160 33490 CG2381 24989 CG2789 2507

CG1903 28341 CG2025 25392 CG2161 20826 CG2397 4019 CG2790 20903
CG1905 48768 CG2028 13664 CG2162 33493 CG2412 1494 CG2791 42622
CG1906 32476 CG2031 20783 CG2163 33499 CG2453 20872 CG2803 25160
CG1907 1341 CG2033 19198 CG2165 30203 CG2471 39140 CG2807 25161
CG1909 20745 CG2033 50635 CG2168 43627 CG2478 12482 CG2812 52485
CG1911 33423 CG2034 20786 CG2168 50311 CG2488 10461 CG2816 29700
CG1912 43711 CG2038 40690 CG2173 36516 CG2493 3929 CG2818 25441
CG1913 33427 CG2048 9241 CG2174 37530 CG2503 20876 CG2826 46588
CG1913 52346 CG2051 33459 CG2177 51084 CG2505 20879 CG2827 25444
CG1915 47301 CG2052 20790 CG2179 20829 CG2508 52280 CG2829 20905
CG1916 38079 CG2053 13546 CG2182 20834 CG2520 12732 CG2830 29339
CG1919 15265 CG2060 9953 CG2183 13762 CG2522 14877 CG2835 24959
CG1921 6948 CG2060 49044 CG2184 51201 CG2525 15880 €G2839 17952
CG1922 10663 CG2061 44186 CG2185 29477 CG2528 33532 CG2843 38933
CG1924 42397 CG2062 4018 CG2187 7575 CG2534 7769 CG2843 52326
CG1924 52348 CG2063 33462 CG2189 7782 CG2540 33536 CG2845 20909
CG1925 24472 CG2064 8728 CG2189 50110 CG2543 25417 CG2848 33571
CG1935 52670 CG2065 19119 CG2194 19279 CG2551 29635 CG2849 43623
CG1937 6870 CG2069 43382 CG2198 22944 CG2574 40173 CG2852 15069
CG1938 41686 CG2070 20793 CG2201 33502 CG2578 32482 CG2854 41703
CG1939 44765 CG2072 43714 CG2204 19124 CG2595 43717 CG2855 16820
CG1941 3998 CG2075 13673 CG2205 43630 CG2608 20886 CG2856 10970
CG1942 7942 CG2076 5537 CG2210 33198 CG2614 32407 CG2857 7417

CG1942 48583 CG2076 50221 CG2212 5469 CG2615 49365 CG2859 15334
CG1945 2955 CG2078 25402 CG2216 12925 CG2616 11052 CG2861 20918
CG1945 30679 CG2079 20796 CG2216 49537 CG2617 3931 CG2863 33573
CG1946 33428 CG2083 20798 CG2218 32517 CG2621 7005 CG2864 23962
CG1946 48259 CG2086 4830 CG2219 41690 CG2637 22348 CG2867 20926
CG1951 33430 CG2086 27084 CG2221 1054 CG2641 25422 CG2872 3399

CG1954 33434 CG2087 16427 CG2221 27247 CG2647 5709 CG2872 39221
CG1956 33437 CG2091 20799 CG2221 39505 CG2655 30564 CG2872 48496
CG1957 29575 CG2092 33465 CG2222 20849 CG2656 25423 CG2875 33575
CG1960 28342 CG2093 29971 CG2224 20852 CG2662 33544 CG2881 33577
CG1961 40161 CG2095 45032 CG2239 43044 CG2666 42611 CG2883 14646
CG1962 33444 CG2096 2964 CG2241 25412 CG2669 47309 CG2887 33581
CG1963 19117 CG2097 33469 CG2241 49245 CG2670 11499 CG2890 25446
CG1963 48872 CG2098 20804 CG2244 20855 CG2671 51249 CG2892 14868
CG1964 28347 CG2099 39895 CG2245 25415 CG2674 7167 CG2899 45041
CG1965 43944 CG2100 38037 CG2246 24987 CG2675 10149 CG2901 12209
CG1966 33446 CG2101 33473 CG2246 48877 CG2677 25427 CG2902 37333
CG1967 12196 CG2102 2929 CG2248 49247 CG2679 37435 CG2903 20933
CG1968 20767 CG2103 33264 CG2249 40977 CG2681 33549 CG2905 52486
CG1970 38224 CG2104 30016 CG2252 51305 CG2682 44783 CG2906 25449
CG1972 33450 CG2105 39535 CG2253 33507 CG2684 13308 CG2910 20942
CG1973 19275 CG2108 13145 CG2254 5470 CG2685 20887 CG2911 25452
CG1975 20771 CG2109 45000 CG2256 40170 CG2694 33551 CG2913 7028

CG1977 25387 CG2112 25405 CG2257 33510 CG2699 33556 CG2914 51225
CG1981 13657 CG2118 25406 CG2259 33512 CG2701 25433 CG2916 25456
CG1982 3761 CG2121 3386 CG2260 25154 CG2702 33557 CG2917 13613
CG1982 47191 CG2124 14869 CG2262 14609 CG2708 33561 CG2918 18440
CG1983 24980 CG2125 51479 CG2263 33514 CG2713 5587 CG2919 25457
CG1986 51669 CG2126 47598 CG2272 33516 CG2714 6308 CG2921 33585
CG1989 39898 CG2128 20814 CG2275 10835 CG2715 32413 CG2922 25166
CG1989 46977 CG2128 50213 CG2277 20869 CG2716 8307 CG2925 20943
CG1994 13479 CG2135 16625 CG2286 52049 CG2718 40174 CG2926 33589
CG1998 37395 CG2136 33486 CG2292 51933 CG2720 41696 CG2929 25458
CG2005 6705 CG2137 41235 CG2304 4448 CG2727 12232 CG2930 7031

CG2005 8009 CG2140 43065 CG2309 33522 CG2747 33566 CG2931 20946
CG2005 27208 CG2143 20819 CG2316 12170 CG2759 30033 CG2934 20950
CG2009 48037 CG2144 3996 CG2321 33523 CG2762 5712 CG2937 30087
CG2013 23229 CG2145 14874 CG2328 9285 CG2765 43721 CG2938 7035

CG2013 46927 CG2146 44292 CG2330 46555 CG2766 28819 CG2939 37658
CG2014 40165 CG2151 47307 CG2331 24354 CG2766 33888 CG2943 8477

CG2014 50731 €G2152 19121 CG2358 9055 CG2772 15577 CG2944 8688

CG2017 20780 CG2155 3349 CG2371 15483 CG2779 24992 CG2945 19280



APPENDIX 114

CG2947 43725 CG30084 36564 CG30338 29188 CG3061 5868 CG31126 23395
€G2948 33593 CG30085 33672 CG30342 21136 CG3064 6972 CG31126 49277
CG2956 37091 CG3009 12216 CG30345 42868 CG3069 15872 CG31132 40209
CG2957 25462 CG30093 17893 CG30346 45429 CG3071 29589 CG31133 33774
CG2958 45294 CG30097 8977 CG30349 39959 CG3073 25627 CG31136 33112
CG2960 25466 CG30100 43236 CG3035 21139 CG3074 6617 CG31137 13365
CG2962 5526 CG30100 48945 CG30354 23575 CG3075 41034 CG31138 29541
CG2962 50422 CG30101 15514 CG30359 43151 CG3077 25631 CG3114 4559
CG2964 42293 CG30102 33677 CG3036 42755 CG3078 51390 CG31140 38936
CG2969 42751 CG30103 4949 CG30360 47951 CG3083 25020 CG31141 29537
CG2970 43497 CG30104 10050 CG30368 13913 CG3085 43421 CG31145 25036
CG2970 48124 CG30105 19204 CG30372 19287 €G3086 3170 CG31146 42616
CG2971 14637 CG30106 1678 CG30373 4013 CG3090 10856 CG31148 14698
CG2972 48771 CG30109 50925 CG30378 21153 €G3093 33733 CG31151 51341
CG2974 32484 CG3011 19208 CG30382 21156 CG3095 14524 CG31152 14480
CG2975 2601 CG30112 42444 CG30387 3468 CG3099 25636 CG31155 39134
CG2976 20962 CG30113 41562 CG30387 48313 CG3100 14526 CG31156 44478
CG2980 25470 CG30115 39952 CG30388 41735 €G31000 33735 CG31158 42321
CG2984 33599 CG30123 25571 CG30389 19002 €G31002 22960 CG31159 46144
CG2986 28822 CG30124 4998 CG30390 41740 CG31002 48225 CG31163 25701
CG2987 7182 CG30131 52556 CG30392 12862 CG31004 40940 CG31168 43222
CG2988 9419 CG30144 39920 CG30394 3470 €G31007 33739 CG31169 25706
CG2988 48649 CG30147 25580 CG30398 21166 €G31008 19227 CG31170 25707
CG2989 46286 CG30149 21109 CG3040 19219 CG31009 3733 €G31175 19230
CG2990 30507 CG30152 38848 CG30401 2725 €G31009 3739 CG31183 861

CG2991 2604 CG3016 7090 CG30404 29385 €G31009 27211 CG31183 4773

CG2993 33605 CG30163 39687 CG3041 47602 €G31009 27216 CG31183 36323
CG2994 8176 CG30164 3633 CG30410 40176 €G3101 21275 CG31187 43739
CG2995 25473 CG30165 19709 CG30418 38152 CG31012 38854 CG31188 15364
CG2996 14613 CG3017 21110 CG3042 25620 CG31014 30975 CG31189 22962
CG2998 35783 CG30170 25590 CG30420 7414 €G31015 41351 CG31192 42318
CG2998 42419 CG30171 29412 CG30421 33726 CG3102 33744 CG31194 45433
CG2999 33609 CG30173 35794 €G30423 10600 CG31022 2464 CG31196 15884
CG3000 25553 CG30174 45060 CG30426 21173 CG31027 25644 CG31201 49547
CG30000 41965 CG30175 24378 CG30427 7423 CG31033 25651 CG31202 43522
CG30005 25555 CG30176 25593 CG30429 21175 CG31038 25655 CG3121 25712
CG3001 21054 CG30178 21111 CG30438 37106 CG3104 21289 CG31211 33787
CG30010 33660 CG30179 26836 CG30440 21178 CG31040 39926 CG31212 40214
CG30010 48606 CG3018 33684 CG30441 50583 CG31042 9704 CG31223 43426
CG30011 43070 CG30183 25594 CG3045 25621 CG31046 9701 CG31229 9660
CG30012 21057 CG3019 25597 CG30460 40624 CG31048 21293 CG31232 13090
CG30013 41415 CG30193 39474 CG30462 10046 CG31049 21294 CG31234 30389
CG30014 25557 CG30194 3527 CG30463 4923 CG3105 25662 CG31237 23308
CG30016 40488 CG30194 50234 CG30467 21203 CG31050 23934 CG31240 10424
CG30019 32429 CG30197 9586 CG3047 21206 CG31050 48824 CG31241 29503
CG3002 3269 €G30203 33913 CG30476 23495 CG31053 33750 CG31243 14385
CG30021 29965 CG3021 25603 CG3048 21214 CG31057 25023 CG31249 43740
CG30022 30880 CG3022 50176 CG30481 13320 CG31063 45246 CG31251 25739
CG30035 8126 CG3024 30985 CG30483 21216 CG31064 33756 CG31256 40218
CG30035 52360 €G30259 19211 CG30489 21235 CG31069 25026 CG31259 46362
CG30038 21068 CG3026 33688 CG30489 49271 CG3107 40196 CG3126 21306
CG3004 46557 CG30268 42703 CG30491 12817 CG31072 1251 CG3127 33797
CG30043 11708 CG3027 25610 CG30493 43131 CG31075 25676 CG31274 40222
CG30046 13947 CG30271 32436 CG30495 21241 CG31076 28776 CG31278 38938
CG30047 4623 CG30271 50158 CG30496 21244 CG3108 25680 CG31285 33799
CG30048 4634 CG30275 25612 CG30497 41745 CG31089 12449 CG31289 39091
CG30051 43066 CG3028 25615 CG30498 13457 CG3109 14529 CG3129 40228
CG30051 49256 CG30280 34743 CG30499 25016 CG31091 33085 CG31290 38860
CG30059 13010 CG30284 21118 CG30502 21253 CG31092 25684 CG31291 21308
CG30059 50732 CG3029 25014 CG30503 9036 CG31095 14756 CG31293 21312
CG3006 38148 CG30290 41564 CG3051 1827 CG31106 3415 CG31299 45442
CG30062 15433 CG30290 49962 CG3052 13724 CG31110 25030 CG3130 40229
CG30063 48780 €G30291 21120 CG3054 13555 CG31111 40198 CG31301 40232
CG30075 25563 CG30295 47790 CG3057 47965 CG31115 25693 CG31302 40235
CG30077 25568 CG30327 33705 CG3058 21258 CG31120 3402 CG31304 45035
CG30078 30610 CG3033 7086 CG3059 7265 CG31122 40207 CG31306 40236
CG3008 43731 CG30336 21134 CG3060 2993 CG31123 25034 CG3131 2593



APPENDIX 115

CG31311 23079 CG31548 13144 CG31703 32493 CG31851 3754 CG32031 34036
CG31314 44406 CG31550 25779 CG31704 8900 CG31852 25179 CG32039 38867
CG31317 21317 CG31551 40278 CG31704 39450 CG31855 34295 CG3204 45230
CG31318 21985 CG3156 12182 CG31708 38261 CG31858 3367 CG32041 43632
CG31319 40238 CG3157 19130 CG3171 7219 CG3186 25129 CG32045 40308
CG3132 16779 CG3157 47163 CG31711 25814 CG31860 7688 CG32048 19251
CG31320 25742 CG3158 21374 CG31712 21402 CG31864 28079 CG32048 50237
CG31321 44942 CG3160 7070 CG31713 39150 CG31864 50051 CG32049 40312
CG31325 45139 CG31601 21378 CG31715 21505 CG31865 25897 CG32051 21435
CG31332 16813 CG31605 2789 CG31716 10850 CG31865 50589 CG32052 21437
CG31332 49701 CG31605 43306 CG31717 7662 CG31866 25899 CG32062 34046
CG31342 51330 CG3161 44487 CG31719 41758 CG3187 40295 CG32063 15207
CG31345 24656 CG3161 44487 CG3172 25817 CG31871 51241 CG32064 34051
CG31346 45943 CG3161 49291 CG31721 21405 CG31872 31028 CG32066 44825
CG31349 38863 CG3161 49291 CG31725 7836 CG31873 36375 CG32067 13066
CG3135 14803 CG31613 33972 CG31726 25823 CG31874 41766 CG32068 23412
CG31352 25750 CG31617 33975 CG31729 7697 CG31884 36297 CG32069 9202
CG31352 49112 CG31618 25782 CG3173 25825 CG3189 34017 CG32072 9206
CG31357 40248 CG31619 33102 CG31730 21407 CG31908 51924 CG32075 19255
CG3136 36504 CG3162 21380 CG31731 11082 CG31911 7618 CG32076 52402
CG31363 25044 CG31623 21383 CG31738 998 CG31913 3376 CG3208 41779
CG31367 37625 CG31624 33976 CG31738 29906 CG31915 37944 CG32082 21438
CG31373 21726 CG31624 50803 CG31739 21410 CG31916 25906 €G32082 50019
CG31381 14720 CG31628 46295 CG3174 42829 CG31917 25909 CG32085 34053
CG31385 3704 CG31629 37935 CG31740 33850 CG31919 52494 CG32086 19261
CG31385 8394 CG31632 21386 CG31741 7930 CG3192 30413 CG32087 8345
CG31385 27178 CG31634 2650 CG31743 7538 CG31922 36386 CG32087 47238
CG3139 8875 CG31634 2650 CG31746 35727 CG31924 36469 CG32089 8340
CG31390 11504 CG31635 33980 CG31751 21414 CG31928 12276 CG3209 10281
CG31391 33801 CG31637 7614 CG31756 25833 CG3193 25919 CG32090 7495
CG31391 49286 CG31638 33981 CG31758 23522 CG31935 25922 CG32092 41785
CG3140 25046 CG31639 32443 CG31759 47321 CG31937 3449 CG32094 21442
CG31408 41420 CG31639 48790 CG31760 7686 CG31938 40306 CG32095 13833
CG3141 7074 CG31640 3498 CG31761 46014 CG3194 7333 CG32099 43650
CG31414 21336 CG31641 32370 CG31762 41568 CG3195 32450 CG3210 44156
CG31421 25760 CG31648 44225 CG31762 48237 CG31950 34751 CG32101 41786
CG31426 21340 CG31649 50192 CG3178 19819 CG31953 49301 CG32103 29439
CG3143 30556 CG3165 25785 CG31783 3875 CG31954 13028 CG32104 41790
CG31445 51642 CG31650 30690 CG31784 39192 CG31956 7284 CG32105 51269
CG31447 25761 CG31651 2629 CG31787 6372 CG31956 46910 CG32108 21454
CG31447 50997 CG31652 33993 CG31790 46057 CG31957 25926 CG32110 34062
CG31450 26319 CG31653 25786 CG31792 50152 CG31960 50102 CG32113 41792
CG31452 3744 CG31654 15565 CG31793 8069 CG31961 29359 CG32120 11690
CG31452 27194 CG31655 45883 CG31794 25853 CG31964 25929 CG32130 34408
CG31453 21350 CG31657 25787 CG31795 7560 CG31965 44154 CG32131 23279
CG31454 5811 CG31659 23310 CG3180 45959 CG31967 25933 CG32133 13061
CG31460 33323 CG31660 7852 CG31800 28162 CG31968 25934 CG32134 949

CG31467 40268 CG31663 2533 CG31802 18562 CG31988 25939 CG32134 27108
CG31467 52637 CG31665 8021 CG31803 45277 CG31988 50935 CG32135 21665
CG31469 23396 CG3167 11149 CG31807 25863 CG31989 9402 CG32137 37872
CG31473 14059 CG31671 25793 CG31809 32521 CG31990 34752 CG32138 34412
CG31477 42108 CG31673 25797 CG31809 50643 CG31990 34752 CG32139 41098
CG31478 21358 CG31678 1473 CG3181 29354 CG31991 6367 CG3214 34079
CG31482 45931 CG31679 21392 CG31810 6757 CG31992 45773 CG32145 5263
CG3149 47560 CG3168 48010 CG31810 49296 CG31999 29155 CG32146 10299
CG31501 25773 CG31682 7257 CG31811 37521 CG3200 14125 CG32147 34419
CG3151 33939 CG31683 6400 CG31812 23403 CG32000 29174 CG32149 41861
CG31522 37329 CG31684 29130 CG31812 50487 CG32008 25945 CG3215 12723
CG31523 9807 CG31687 21393 CG3182 3606 CG3201 31160 CG32155 5279
CG31527 43255 CG31688 50139 CG31821 15496 CG32016 34755 CG32158 45641
CG31528 30811 CG31689 2584 CG31823 43145 CG32018 21610 CG3216 6115
CG3153 16652 CG3169 10818 CG31832 47633 CG32019 46253 CG3216 29915
CG31531 40276 CG31690 43813 CG31837 23407 €G32022 10105 CG32163 14259
CG31534 21366 CG31692 21396 CG3184 25880 CG32024 52031 CG32164 34423
CG31536 25049 CG31693 37131 CG31842 21429 CG32026 34032 CG32164 49304
CG31546 13140 CG31694 21398 CG31843 43198 CG3203 41778 CG32165 26112
CG31547 8551 CG31702 25807 CG31849 2876 CG32030 34034 CG32165 49307



APPENDIX 116

CG32168 34429 €G32387 1003 CG3269 34766 CG33242 49760 CG3388 9277

CG32169 29799 CG32387 36287 CG32698 50316 CG33246 49762 CG3389 8408

CG32171 34081 CG32392 34537 CG3270 41196 CG3325 30490 CG3389 36164
CG32174 21468 CG32394 24736 CG32708 49325 CG33250 46450 €G33931 50510
CG32176 30015 CG3240 12677 CG3271 3983 CG3326 24746 CG33932 50690
CG32178 8413 CG32407 26131 CG32727 48271 CG33260 47820 CG33933 50694
CG32179 1038 CG32409 34543 CG3274 34581 CG3327 2620 CG3394 3621

CG32179 6119 CG3241 29356 CG32750 52403 CG33276 48363 CG3397 34604
CG32179 27110 CG32412 38277 CG32754 46509 CG33277 47828 CG3399 34278
CG32180 45900 CG32413 5043 CG32754 50591 CG33288 51189 CG3400 25959
CG32183 38208 CG32417 34547 CG32756 49853 CG33289 48289 CG3401 34607
CG3219 48576 CG32418 34549 CG32775 46421 CG3329 24749 CG3402 21483
€G32190 5319 CG32423 37863 CG32778 48869 CG33300 46768 CG3403 40442
CG32191 14294 CG32425 41142 CG32782 46425 CG3331 45689 CG3408 36306
€G3220 23511 CG32427 27252 CG32789 49744 CG3332 3451 CG3409 37141
CG32202 26325 CG32434 36625 CG3279 45726 CG3333 34597 CG3410 37836
CG32210 41865 CG32435 26051 CG32791 48926 CG3333 46279 CG3412 34273
CG32211 34452 CG32438 38969 CG32792 47047 €G33331 50209 CG3412 34274
CG32217 34458 CG32441 13134 CG3280 42556 CG3337 29169 CG3415 34613
CG3222 34459 CG32442 6481 CG3282 47599 €G3337 29170 CG3416 26183
CG32220 23280 CG32444 41899 CG32823 50763 CG3338 21678 CG3419 3626

CG32225 5383 CG32446 23058 CG32832 47810 CG3339 41917 CG3420 39052
CG32226 34464 CG32447 5417 €G3284 11219 CG3340 40873 CG3421 41934
CG32227 43928 CG32448 9120 CG32847 48422 CG3342 40324 CG3422 26187
CG3223 30003 CG32451 22975 CG32854 50338 CG3344 15212 CG3422 48735
CG32230 9804 CG32454 26141 CG3289 41913 CG33466 46260 CG3424 44536
CG32238 29424 CG32463 7254 CG3290 6622 CG33466 46260 CG3425 26190
CG3224 29561 CG32464 12781 CG3290 52378 CG33474 51188 CG3425 48882
CG32245 14017 CG32465 5783 CG3291 21677 CG33479 48461 CG3427 43445
CG3225 24725 CG32473 8281 CG3292 19989 CG33489 48465 CG3427 50372
CG32250 7491 CG32478 24740 CG3294 26110 €G3350 11259 CG3428 41938
CG32251 34477 CG32479 37859 CG3295 24709 CG33503 50506 CG3430 40444
CG32253 34479 CG3248 26055 CG3297 42485 CG33505 49525 CG3431 34618
CG3226 47034 CG32483 22977 CG32971 49456 CG3351 21480 CG3433 19045
CG32262 44923 CG32484 41905 CG3298 43751 CG3352 9396 CG3434 45130
CG32263 33272 CG32485 34565 CG3299 34585 CG3353 41920 CG3437 34221
€G32276 15911 CG32486 41908 CG33002 46440 CG3353 41921 CG3443 10133
CG32276 49568 CG32487 26154 CG3301 43225 €G33533 51100 CG3445 26196
CG3228 37079 CG32488 46571 CG33012 48408 CG33544 48807 CG3446 42696
€G32280 15908 CG3249 48005 CG3303 9916 CG3355 13037 CG3450 26871
CG32281 41873 CG32490 21477 CG3304 7280 CG33558 46456 CG3454 34620
CG3229 34498 CG32495 49719 CG3305 7308 CG3356 34601 CG3455 34624
CG32296 34502 CG32500 49724 CG33051 48793 CG3358 41819 CG3455 49574
CG32297 34506 CG3251 34574 CG33052 48410 CG3359 37889 CG3458 30627
CG32300 7442 CG32516 48377 CG33054 48413 CG3360 8287 CG3460 46165
CG3231 34515 CG3253 26159 CG33057 49458 CG3362 26171 CG3461 6975

CG32315 45459 CG32531 47915 CG3306 34588 CG3363 26176 CG3466 30218
CG32316 34087 CG3254 26162 CG3307 34589 CG33635 48813 CG3469 24759
CG32319 24728 CG32579 48384 CG3308 43756 CG33649 49765 CG3473 26201
CG32333 26118 CG3258 29041 CG3309 15415 CG3365 43763 CG3474 43956
CG32335 44172 CG32581 49727 CG33104 49750 CG33650 49769 CG3476 2734

CG3234 2886 CG32584 48387 CG3312 24742 CG33665 51606 CG3479 3010

CG32343 15741 CG3259 46163 CG3313 43758 CG33670 51016 CG3480 26205
CG32344 21675 CG3260 11521 CG3314 43760 CG33671 49772 CG3483 41939
CG32346 46645 CG32602 50435 CG3315 42858 CG33672 49774 CG3488 7534

CG32350 24732 CG32616 49729 CG33172 49462 CG33694 49776 CG3491 34631
CG32351 41881 CG3263 26328 CG33178 49464 CG33695 49777 CG3493 40450
CG32351 46784 CG3264 43250 CG33182 46444 CG33713 49611 CG3494 24760
CG32369 45129 CG3265 24451 CG3319 10442 CG33714 51020 CG3495 26208
CG32371 24735 CG32656 46776 CG33193 46445 CG33718 49781 CG3496 43768
CG32374 14107 CG32668 46666 CG33198 46214 CG33722 49646 CG3497 9925

CG32376 41885 CG32669 47916 CG3321 46764 CG3373 1278 CG3499 33256
CG3238 34533 CG3267 13259 CG33217 47818 CG3376 12226 CG3500 19703
CG32380 39482 CG32675 46667 CG3322 42559 CG33785 50678 CG3501 26025
CG32381 41835 CG32679 47158 CG33230 48803 CG33786 50682 CG3504 26211
CG32384 42302 CG3268 3988 CG33237 49758 CG3380 39469 CG3506 9271

CG32386 26126 CG32688 47804 CG3324 34595 CG3385 3618 CG3508 34632



APPENDIX 117

CG3510 43771 CG3658 41084 CG3770 4064 CG3909 12758 CG4019 46880
CG3511 21733 CG3661 23416 CG3772 7238 CG3911 21738 CG4020 3290
CG3515 34636 CG3663 12879 CG3773 26281 CG3915 40484 CG4023 43781
CG3520 40455 CG3664 34096 CG3774 30238 CG3917 34731 CG4025 6924
CG3522 4053 CG3665 8392 CG3776 38269 CG3918 34734 CG4027 7139
CG3523 29349 CG3665 36351 CG3780 40471 CG3918 47144 CG4029 12610
CG3524 4290 CG3668 37637 €G3781 7113 CG3921 52608 CG4030 26368
CG3525 34286 CG3671 44000 CG3782 41949 CG3922 25964 CG4032 2897
CG3526 26214 CG3675 26057 CG3788 21715 CG3923 34737 CG4033 37581
CG3527 24762 CG3678 26267 CG3790 4667 CG3924 30454 CG4035 7800
CG3530 26216 CG3678 49792 CG3791 41954 CG3925 40486 CG4036 26370
CG3532 26221 CG3680 34675 CG3792 7862 CG3926 34738 CG4038 21775
CG3534 41276 CG3682 47027 CG3792 48233 €G3929 7795 CG4039 13661
CG3536 11816 CG3683 25961 CG3793 40475 CG3931 26309 CG4040 26372
CG3539 26223 CG3683 46799 CG3794 20117 CG3935 4542 CG4040 48694
CG3542 26227 CG3688 26269 CG3796 7756 €G3936 1112 CG4041 34780
CG3544 21684 CG3689 45280 CG3798 28365 CG3936 27228 CG4042 26377
CG3552 30952 CG3692 45939 CG3799 41960 CG3938 47941 CG4043 21776
CG3560 34090 CG3694 26872 CG3803 3596 €G3939 21513 CG4045 34784
CG3561 43773 CG3695 28361 CG3806 34711 CG3940 13806 CG4046 21516
CG3564 7039 CG3696 10762 CG3808 34713 CG3943 21745 CG4049 6981

CG3570 48219 CG3696 46685 CG3809 43780 CG3944 21749 CG4050 33248
CG3571 43778 CG3697 12670 CG3810 6922 CG3947 40886 CG4051 21779
CG3572 21686 CG3699 5667 CG3811 22984 CG3948 34768 CG4057 21780
CG3573 34649 CG3702 7296 CG3812 44418 CG3949 21755 CG4058 16668
CG3587 37902 CG3703 34679 CG3814 4671 CG3953 16416 CG4059 2959
CG3589 38154 CG3704 34684 €G3817 21716 CG3954 21756 CG4061 40498
CG3590 6343 CG3705 23179 CG3820 41964 CG3956 6232 CG4062 21782
CG3593 21688 CG3707 34686 CG3821 7750 CG3956 50003 CG4063 40862
CG3595 7916 CG3708 26272 CG3822 40985 CG3959 34770 CG4064 26382
CG3597 21693 CG3709 34687 CG3825 15238 CG3960 34098 CG4065 3614
CG3599 16665 CG3710 22979 CG3830 16896 CG3961 37305 CG4067 26385
CG3603 51663 CG3711 11166 CG3832 52052 CG3964 38981 CG4068 34786
CG3604 9394 CG3712 36406 CG3835 30979 CG3967 26338 CG4069 21783
CG3604 48507 CG3712 42412 CG3837 44576 CG3969 26065 CG4070 12259
CG3605 26252 CG3714 26275 CG3839 12704 CG3971 47519 CG4071 26388
CG3609 52600 CG3715 40464 CG3839 47122 CG3973 34772 CG4071 47653
CG3612 34663 CG3717 45284 CG3842 7117 CG3977 46757 CG4074 26070
CG3613 26332 CG3719 21495 CG3843 40477 CG3978 6224 CG4076 21784
CG3615 10045 CG3723 41947 CG3845 34719 CG3979 9981 CG4078 37607
CG3618 6977 CG3725 4474 CG3848 10749 CG3980 34773 CG4079 30442
CG3619 3720 CG3727 37525 CG3849 21500 CG3981 40495 CG4080 9026
CG3619 27187 CG3730 34291 CG3849 47126 CG3983 26066 CG4082 13639
CG3619 37288 CG3731 40467 CG3850 21719 CG3985 35813 CG4083 34789
CG3620 21490 CG3733 26277 CG3857 44734 CG3985 46482 CG4086 14268
CG3625 40855 CG3734 12899 CG3858 51221 CG3986 13875 CG4087 12944
CG3626 34667 CG3735 26278 CG3861 26301 CG3988 26346 CG4088 33197
CG3629 11529 CG3736 30470 CG3862 34721 CG3989 2901 CG4090 34792
CG3630 21697 CG3737 45133 CG3869 40478 CG3991 26348 CG4091 34102
CG3631 13770 CG3739 29508 CG3871 30456 CG3994 3836 CG4094 34797
CG3632 26254 CG3740 13525 CG3871 48598 CG3996 34778 CG4095 26074
CG3633 34670 CG3743 30455 CG3874 47543 CG3997 23578 CG4095 47685
CG3634 16720 CG3744 34695 CG3876 44201 CG3999 26354 CG4097 34801
CG3638 6914 CG3751 34699 CG3878 34179 CG4001 3016 CG4098 14265
CG3639 34671 CG3752 21707 CG3879 42514 CG4005 40497 CG4101 9089
CG3640 15241 CG3753 34701 CG3880 34725 CG4006 2902 CG4103 26390
CG3641 40314 CG3756 15675 CG3881 42779 CG4007 841 CG4105 47499
CG3642 26261 CG3758 9794 CG3885 35806 CG4007 9653 CG4107 21786
CG3644 15453 CG3759 15602 CG3886 30586 CG4007 36282 CG4108 21788
CG3647 47973 CG3760 43437 CG3889 34727 CG4008 21772 CG4109 42561
CG3648 10156 CG3760 46862 CG3891 11270 CG4009 19942 CG4111 38950
CG3652 35574 CG3761 40468 CG3893 40479 CG4012 28367 CG4114 22994
CG3653 3111 CG3762 34389 CG3894 21721 CG4013 14915 CG4119 26395
CG3653 6695 CG3763 33173 CG3896 4913 CG4015 26356 CG4120 34806
CG3653 27227 CG3764 34707 CG3903 37115 CG4016 10020 CG4123 8493

CG3654 21700 CG3766 34709 CG3905 43869 CG4017 13282 CG4124 35580
CG3656 12190 CG3769 40469 CG3905 50368 CG4019 6650 CG4125 951



APPENDIX 118

CG4125 27225 CG4247 25967 CG4396 48891 CG4553 14743 CG4670 7984

CG4128 8890 CG4252 11251 CG4400 21618 CG4554 21620 CG4672 8380

CG4129 21789 CG4257 43867 CG4402 33252 CG4555 41990 CG4673 21917
CG4132 21792 CG4258 34821 CG4405 48531 CG4556 40540 CG4675 3664

CG4140 26396 CG4260 4267 CG4407 34228 CG4557 51263 CG4676 4689

CG4141 38986 CG4261 30495 CG4410 26536 CG4560 26548 CG4677 28376
CG4143 12751 CG4262 37915 CG4412 35385 CG4561 40541 CG4678 28379
CG4145 28369 CGA264 26465 CG4415 34839 CG4562 6770 CG4679 38111
CG4147 14882 CG4A264 50222 CG4420 40512 CG4565 5665 CG4681 40552
CG4152 21793 CG4265 26469 CG4422 26537 CG4567 34874 CG4683 22173
CG4153 9416 CGA266 26475 CG4426 7143 CG4568 1405 CG4684 44282
CG4153 48911 CG4268 45127 CG4427 15555 CG4569 21871 CG4685 14751
CG4154 21797 CG4270 34105 CG4428 34843 CG4572 16428 CG4686 46370
CG4157 21799 CG4272 26479 CG4429 34301 CG4573 21874 CG4690 45740
CG4158 6248 CG4274 44834 CG4429 48119 CG4574 26557 CG4692 13324
CG4159 26397 CG4276 26482 CG4433 29468 CG4579 21878 CG4696 40554
CG4161 26400 CG4278 26487 CG4434 21521 CG4583 39562 CG4696 46854
CG4162 21805 CG4279 28793 CG4435 40519 CG4584 21883 CG4697 34308
CG4163 51493 CG4279 50653 CG4438 34845 CG4586 21886 CG4698 38011
CG4164 22996 CG4288 8620 CG4438 50033 CG4587 3840 CG4700 15810
CG4165 41977 CG4289 42591 CG4439 41232 CG4589 6662 CG4701 9763

CG4166 45775 CG4290 26496 CG4443 34109 CG4591 42643 CG4703 26601
CG4167 21806 CG4291 21819 CG4445 42864 CG4592 6255 CG4704 21921
CGA169 26404 CG4293 6885 CG4447 38195 CG4593 21888 CG4706 34888
CG4170 26408 CG4299 21827 CG4448 34847 CG4594 13284 CG4709 21923
CG4173 26412 CG4300 26500 CG4450 42770 CG4596 35590 CG4713 21928
CG4179 7054 CG4301 6125 CG4451 42658 CG4598 34879 CG4719 21932
CG4180 41980 CG4302 37207 CG4452 40525 CG4599 26075 CG4720 34892
CG4183 6983 CG4303 12673 CG4453 47155 CG4600 26562 CG4722 8892

CG4184 21809 CG4307 12794 CG4466 40530 CG4602 51088 CG4722 46675
CG4185 3161 CG4311 26504 CG4481 42891 CG4603 21893 CG4729 5284

CG4186 35814 CG4314 40875 CG4482 33186 CG4604 15389 CGA729 48592
CG4187 7226 CG4316 1613 CG4483 5176 CG4606 42652 CG4733 34893
CG4192 6354 CG4317 14163 CG4484 5174 CG4608 5732 CG4735 26615
CG4193 21811 CG4320 13112 CG4485 12498 CG4609 21895 CG4738 21937
CG4195 43120 CG4321 21615 CG4488 26543 CG4610 34881 CG4739 6019

CG4196 11926 CG4322 1800 CG4494 34113 CG4611 21898 CG4742 21534
CGA199 26424 CG4324 37211 CG4495 49350 CG4613 14089 CG4743 9487

CG4200 7173 CG4328 30516 CG4497 21859 CG4617 26568 CG4746 21629
CG4201 26427 CG4330 11078 CG4498 10330 CG4618 41993 CG4749 21941
CG4202 26432 CG4332 37392 CG4498 39411 CG4619 2755 CG4750 41998
CG4202 49946 CG4334 49330 CGA500 34852 CG4621 21903 CG4751 45530
CG4204 12952 CG4335 26514 CG4501 34853 CG4622 21904 CG4752 40557
CG4205 24497 CG4337 23299 CG4502 34858 CG4623 21624 CG4753 1730

CG4206 51217 CG4341 29341 CG4510 26544 CG4624 34303 CG4753 46850
CG4207 26439 CG4342 21519 CG4511 34861 CG4625 1429 CG4755 34895
CG4207 46688 CG4346 37389 CGA520 34862 CG4627 4681 CG4756 13683
CG4208 30505 CG4347 21832 CG4521 33135 CG4629 26573 CG4757 38052
CG4209 21611 CG4349 40505 CG4523 21860 CG4630 4687 CG4758 8895

CG4210 49494 CG4350 38988 CG4525 34864 CG4633 21905 CG4759 21943
CG4211 26441 CG4351 26517 CG4527 43784 CG4634 3200 CG4760 21536
CG4212 45774 CG4353 47507 CG4532 21861 CG4636 21908 CGA764 26625
CG4214 3857 CG4354 10709 CG4533 40531 CG4637 1402 CGA766 21944
CG4215 10374 CG4356 33123 CG4535 21862 CG4638 34885 CG4767 21946
CG4217 37819 CG4357 30000 CG4536 7128 CG4643 26578 CG4768 21541
CG4220 42813 CG4364 27607 CG4537 28832 CG4645 10164 CG4769 9180

CG4221 34810 CG4365 6261 CGA537 48669 CG4646 21461 CG4770 6783

CG4222 48009 CG4370 4341 CG4538 16432 CG4648 21914 CGA774 6742

CG4225 37356 CG4372 36431 CG4539 21865 CG4649 26585 CG4775 42499
CG4226 51438 CG4376 7760 CG4542 7132 CG4649 46701 CG4779 21544
CG4233 26452 CG4379 6993 CGA545 11346 CG4654 12722 CG4780 44535
CG4236 26455 CG4380 16893 CGA546 34868 CG4656 21916 CG4785 21948
CG4237 26459 CG4386 41291 CG4547 21870 CG4659 42852 CG4787 21949
CG4238 41982 CG4389 21845 CG4548 10618 CG4660 50362 CG4789 26626
CG4239 11857 CG4393 21616 CGA550 44179 CG4662 41260 CGA792 24667
CG4241 50706 CG4394 34835 CGA551 40534 CG4663 39544 CG4795 13086
CG4244 21813 CG4395 7223 CG4552 40537 CG4666 36293 CG4798 26627



APPENDIX 119

CG4799 34265 CG4920 37001 CG5030 31092 CG5165 34953 CG5282 5387

CG4800 26632 CG4921 24672 CG5032 46172 CG5166 34955 CG5284 6465

CG4802 42001 CG4924 43786 CG5033 30551 CG5167 6092 CG5285 10376
CG4803 34898 CG4924 50123 CG5037 42786 CG5168 22021 CG5287 51882
CG4805 44412 CG4925 45142 CG5038 52421 CG5169 22024 CG5288 24440
CG4806 26633 CG4926 935 CG5041 12559 CG5170 37583 CG5289 22052
CG4807 41005 CG4926 29930 CG5044 40570 CG5174 29752 CG5290 22057
CG4810 26637 CG4928 6143 CG5045 26687 CG5178 9780 CG5295 37880
CG4813 21950 CG4931 34907 CG5047 26692 CG5179 30448 CG5300 34983
CG4816 21951 CG4933 24674 CG5048 34120 CG5183 9235 CG5310 39402
CG4817 44343 CG4934 45457 CG5053 42019 CG5184 23249 CG5313 37762
CG4821 45232 CG4935 12563 CG5055 2914 CG5186 15185 CG5315 40936
CG4822 42730 CG4937 24679 CG5057 12755 CG5187 37634 CG5316 25953
CG4824 42004 CG4938 23004 CG5059 9847 CG5188 34320 CG5317 46572
CG4825 5391 CG4942 42888 CG5063 49383 CG5189 40318 CG5319 34986
CG4827 49359 CGA943 24680 CG5064 27351 CG5190 28282 CG5320 22059
CG4832 44526 CGA944 21549 CG5065 4921 CG5192 1836 CG5321 22061
CG4836 41431 CG4945 24683 CG5067 40867 CG5195 31044 CG5322 34989
CG4840 21959 CG4946 21550 CG5068 27352 CG5196 6096 CG5323 21563
CG4841 26645 CG4947 41644 CG5069 43858 CG5197 22028 CG5325 22064
CG4842 37490 CG4952 2942 CG5070 6150 CG5198 27370 CG5327 25972
CG4842 50516 CG4953 41214 CG5072 40576 CG5201 42840 CG5330 27392
CG4843 42010 CG4954 26664 CG5073 46549 €G5202 27373 CG5333 22066
CG4845 21960 CGA956 24487 CG5075 34927 CG5202 49982 CG5335 22068
CG4847 3230 CG4957 40565 CG5076 45198 CG5203 34125 CG5336 10455
CG4848 40559 CG4960 2732 CG5077 6766 CG5205 34128 CG5337 22069
CG4849 21962 CG4960 52392 CG5078 8085 CG5206 44284 CG5338 22074
CG4851 1459 CG4963 12342 CG5081 5413 CG5208 27378 CG5339 22075
CG4852 9014 CG4965 46064 CG5085 21999 CG5214 34966 CG5341 22077
CG4853 19877 CG4966 24687 CG5091 2782 CG5215 34969 CG5342 44404
CG4858 26649 CG4968 21978 CG5093 30550 CG5216 23201 CG5342 50058
CG4860 34899 CG4969 27610 CG5094 22002 CG5219 45542 CG5343 10468
CG4863 23420 CG4972 2777 CG5098 27356 CG5220 34972 CG5344 22082
CG4863 46265 CG4973 42015 CG5099 11784 CG5222 27380 CG5347 22088
CG4866 34116 CG4974 14136 CG5102 51300 CG5226 37181 CG5348 1698

CG4867 30360 CG4975 26673 CG5103 34931 CG5227 9437 CG5352 40587
CG4871 47955 CG4976 10836 CG5103 46604 CG5229 5684 CG5353 7752

CG4875 1830 CG4980 26676 CG5104 13787 CG5231 22039 CG5354 22095
CG4875 47226 CG4984 10055 CG5105 22003 CG5232 22040 CG5355 40588
CG4877 21966 CG4991 30264 CG5108 34934 CG5235 16705 CG5358 15645
CG4878 26651 CG4993 45863 CG5109 22004 CG5237 45780 CG5359 21565
CG4879 13363 CG4994 8366 CG5110 34935 CG5241 34976 CG5362 27399
CG4881 28386 CG4996 34913 CG5111 28642 CG5242 17830 CG5363 41838
CG4882 15718 CG4998 16453 CG5112 14747 CG5242 48166 CG5364 2781

CG4884 23421 CG4999 37252 CG5114 36618 CG5245 27381 CG5365 18988
CG4887 21970 CG5000 21982 CG5116 16476 CG5247 16758 CG5366 12067
CG4887 49022 CG5002 10058 CG5119 22007 CG5248 9248 CG5367 12392
CG4889 13351 CG5003 26680 CG5121 34316 CG5249 34978 CG5370 34328
CG4893 22358 CG5004 26683 CG5122 27358 CG5249 50171 CG5370 46616
CG4894 52644 CG5005 13725 CG5124 22010 CG5252 27383 CG5371 15683
CG4896 26652 CG5009 21991 CG5125 27359 CG5254 6887 CG5372 6646

CG4896 48197 CG5012 26684 CG5127 47030 CG5258 35729 CG5374 34070
CG4897 21973 CG5012 50149 CG5131 42025 CG5261 48939 CG5375 22099
CG4898 34119 CG5013 38992 CG5133 16747 CG5263 22044 CG5377 34392
CG4899 6470 CG5013 48108 CG5140 22013 CG5264 30465 CG5378 22104
CG4899 46766 CG5014 30404 CG5142 22015 CG5264 50658 CG5379 14461
CG4901 34905 CG5017 21582 CG5144 30946 CG5265 34323 CG5380 11228
CG4904 26653 CG5018 42018 CG5147 37114 CG5266 29686 CG5383 22108
CG4907 6832 CG5021 36440 CG5149 34944 CG5268 13796 CG5384 27405
CGA908 44845 CG5022 8262 CG5150 15298 CG5270 27390 CG5387 34990
CG4909 26657 CG5023 34914 CG5155 27364 CG5271 34325 CG5389 22112
CG4911 45141 CG5025 26685 CG5157 34947 CG5274 22046 CG5392 52427
CG4912 26658 CG5026 34915 CG5160 22019 CG5275 47621 CG5394 34995
CG4913 15671 CG5027 12106 CG5161 34951 CG5276 47995 CG5395 34999
CG4916 49379 CG5029 29733 CG5162 14661 CG5277 34979 CG5403 51314
CG4917 42665 CG5029 33803 CG5163 12746 CG5280 22050 CG5404 40907
CG4918 31005 CG5029 39418 CG5164 40582 CG5281 6049 CG5405 43790



APPENDIX 120

CG5406 27406 CG5510 49025 CG5634 27199 CG5748 37699 CG5864 12913
CG5407 27411 CG5514 27445 CG5637 22693 CG5748 48692 CG5869 34145
CG5408 22113 CG5515 27447 CG5638 1748 CG5751 37250 CG5870 42053
CG5411 25976 CG5516 51402 CG5639 1305 CG5753 27503 CG5871 41822
CG5412 27413 CG5517 15957 CG5640 37663 CG5755 3879 CG5874 43211
CG5412 50266 CG5519 22146 CG5641 42043 CG5757 28654 CG5876 3855

CG5413 14356 CG5521 22150 CG5641 48200 CG5760 44002 CG5877 39004
CG5414 35001 CG5522 40595 CG5642 46592 CG5771 22198 CG5880 1264

CG5417 23422 CG5523 5038 CG5643 27470 CG5772 6750 CG5882 27532
CG5422 28649 CG5524 13650 CG5645 9289 CG5776 27507 CG5884 19730
CG5423 44702 CG5525 22155 CG5648 35023 CG5783 23429 CG5884 19731
CG5424 33200 CG5526 27450 CG5650 35025 CG5784 49386 CG5886 22216
CG5428 43796 CG5528 924 CG5651 44325 CG5786 39001 CG5887 33338
CG5429 22123 CG5528 36308 CG5653 14064 CG5788 27515 CG5887 47142
CG5430 44712 CG5529 19834 CG5654 27472 CG5788 48146 CG5889 27535
CG5432 27417 CG5532 30346 CG5656 18119 CG5789 1204 CG5890 23431
CG5433 22125 CG5535 42584 CG5657 51526 CG5790 45044 CG5892 6807

CG5434 21641 CG5537 22157 CG5658 40605 CG5792 34143 CG5893 2940

CG5435 35005 CG5543 27454 CG5659 35029 CG5793 35044 CG5893 49549
CG5439 27418 CG5545 13056 CG5660 29445 CG5793 47883 CG5894 27538
CG5440 49030 CG5546 27457 CG5661 1052 CG5794 27517 CG5898 23432
CG5442 40590 CG5547 27459 CG5661 9428 CG5796 40607 CG5899 15679
CG5443 46573 CG5548 24714 CG5662 35030 CG5798 8931 CG5902 6274

CG5443x 47331 CG5549 8222 CG5663 27475 CG5798 8931 €G5903 31098
CG5444 12600 CG5550 31000 CG5669 45300 CG5799 3780 CG5904 35048
CG5446 41797 CG5553 30623 CG5670 12330 CG5800 27519 CG5905 7108

CG5447 21566 CG5554 20101 CG5671 35731 CG5802 6801 CG5906 5227

CG5450 42114 CG5555 35013 CG5675 27479 CG5803 941 CG5907 23433
CG5451 42035 CG5558 39560 CG5675 28652 CG5803 3091 CG5907 49870
CG5452 39137 CG5558 46814 CG5676 47731 CG5803 42229 CG5911 42716
CG5454 22132 CG5560 14814 CG5677 1414 CG5804 23587 CG5912 4819

CG5455 35011 CG5561 27461 CG5680 34139 CG5805 35592 CG5912 6707

CG5458 27420 CG5561 47055 CG5682 7696 CG5807 6726 CG5912 36286
CG5461 19679 CG5565 27463 CG5684 28396 CG5808 22199 CG5913 40336
CG5462 27424 CG5567 44319 CG5685 42660 CG5809 43148 CG5915 40338
CG5462 27424 CG5569 21568 CG5686 7777 CG5810 44988 CG5917 8347

CG5462 27424 CG5571 22160 CG5687 33262 CG5811 1258 CG5919 28402
CG5463 22135 CG5577 22163 CG5688 27482 CG5813 28401 CG5920 20963
CG5465 14916 CG5580 41845 CG5690 28651 CG5814 22201 CG5921 37875
CG5467 45556 CG5582 5322 CG5692 27486 CG5815 22203 CG5926 24996
CG5469 39000 CG5583 10932 CG5695 37535 CG5818 40608 CG5927 17853
CG5473 21567 CG5585 22166 CG5703 22194 CG5821 37850 CG5930 41011
CG5474 12101 CG5586 22169 CG5704 42044 CG5823 8301 CG5931 43962
CG5475 34238 CG5589 44322 CG5705 19854 CG5826 27521 CG5933 20968
CG5475 52277 CG5590 42039 CG5706 42046 CG5827 23590 CG5934 20970
CG5479 22138 CG5591 22170 CG5707 22195 CG5828 27522 CG5935 25477
CG5481 11823 CG5594 10278 CG5708 23425 CG5830 40611 CG5937 33613
CG5482 4991 CG5595 27465 CG5714 28398 CG5832 16755 CG5938 32418
CG5483 22139 CG5596 34331 CG5715 14710 CG5836 13426 CG5939 33615
CG5484 2679 CG5599 16506 CG5718 34239 CG5837 22207 CG5940 32421
CG5485 5341 CG5602 51315 CG5720 27487 CG5838 22210 CG5941 48773
CG5486 26027 CG5603 15340 CG5721 27488 CG5840 22214 CG5942 37721
CG5488 11570 CG5604 27467 CG5722 42782 CG5841 27526 CG5946 5226

CG5489 45558 CG5605 45027 CG5723 51173 CG5842 5261 CG5949 41028
CG5491 27433 CG5608 45569 CG5725 44157 CG5844 27528 CG5950 5150

CG5492 11901 CG5610 1189 CG5728 24696 CG5846 21645 CG5952 17849
CG5493 26082 CG5610 48159 CG5729 27490 CG5847 3162 CG5954 13994
CG5493 50637 CG5611 46344 CG5730 27493 CG5850 1456 CG5955 15836
CG5495 27436 CG5613 24694 CG5731 15543 CG5851 42051 CG5958 20982
CG5497 41800 CG5621 47549 CG5733 27495 CG5854 15649 CG5960 20983
CG5498 27440 CG5625 45570 CG5734 43798 CG5855 37722 CG5961 20988
CG5499 12768 CG5626 27469 CG5735 27498 CG5857 3408 CG5962 20989
CG5500 15376 CG5627 35019 CG5737 41048 CG5859 45677 CG5964 33617
CG5502 49443 CG5629 40601 CG5741 5158 CG5861 6360 CG5965 20994
CG5505 11152 CG5632 39087 CG5742 36428 CG5861 47665 CG5966 13164
CG5508 1316 CG5634 1106 CG5744 23428 CG5862 45155 CG5969 47116
CG5510 28393 CG5634 8016 CG5745 35034 CG5863 14366 CG5970 20998



APPENDIX 121

CG5973 24998 CG6092 44165 CG6198 22300 CG6332 43799 CG6463 34171
CG5974 2889 CG6094 27564 CG6199 45484 CG6335 43998 CG6464 3029

CG5977 33110 CG6094 48721 CG6201 13245 CG6338 12632 CG6464 3029

CG5978 21000 CG6095 30111 CG6202 5883 CG6339 15879 CG6465 27632
CG5980 21003 CG6096 37691 CG6203 8933 CG6340 34160 CG6472 22495
CG5986 25479 CG6096 47124 CG6204 30135 CG6341 22488 CG6475 40932
CG5987 21005 CG6098 27566 CG6205 9149 CG6342 30153 CG6476 33834
CG5989 5149 CG6106 30120 CG6205 47864 CG6343 14444 CG6476 39377
CG5991 25483 CG6110 22221 CG6206 49352 CG6345 27588 CG6477 27639
CG5992 16456 CG6113 31021 CG6208 40348 CG6347 16837 CG6479 45648
CG5992 50426 CG6114 22225 CG6210 5215 CG6349 11227 CG6480 23449
CG5994 21010 CG6115 29711 CG6213 25986 CG6350 50009 CG6484 4954

CG5996 9337 CG6120 3422 CG6218 35069 CG6352 51289 CG6485 14281
CG5998 25484 CG6121 22233 CG6220 40350 CG6353 40363 CG6486 43804
CG6000 23436 CG6122 22235 CG6222 10854 CG6355 27592 CG6492 6162

CG6004 25489 CG6125 12141 CG6223 15419 CG6358 40368 CG6493 25090
CG6005 25492 CG6126 7326 CG6224 22476 CG6359 34165 CG6495 42796
CG6007 21012 CG6127 27172 CG6225 8276 CG6363 43802 CG6498 35100
CG6008 5717 CG6128 50641 CG6226 22480 CG6364 11693 CG6500 2916

CG6009 33623 CG6129 22237 CG6227 40351 CG6369 27598 CG6502 27645
CG6009 46891 CG6133 37601 CG6230 8897 CG6372 52508 CG6504 6940

CG6011 13760 CG6136 22239 CG6232 31020 CG6375 27600 CG6506 34349
CG6013 33625 CG6137 30125 CG6233 24700 CG6376 15887 CG6508 28413
CG6014 31067 CG6139 4856 CG6235 34340 CG6378 16677 CG6509 22496
CG6015 41708 CG6140 50305 CG6238 30136 CG6379 29611 CG6509 46234
CG6016 7988 CG6141 22244 CG6246 6217 CG6380 29950 CG6512 8515

CG6017 8487 CG6142 19930 CG6249 30140 CG6383 39177 CG6513 34173
CG6018 33629 CG6143 22245 CG6251 44808 CG6385 27601 CG6514 27649
CG6019 47606 CG6144 41847 CG6253 44629 CG6386 48980 CG6515 13392
CG6020 13130 CG6145 48698 CG6255 40355 CG6390 4385 CG6516 27654
CG6022 45020 CG6146 10639 CG6258 12618 CG6391 25995 CG6517 39622
CG6025 17826 CG6147 22252 CG6259 25990 CG6392 35081 CG6518 2894

CG6027 43633 CG6148 22253 CG6262 25993 CG6393 40376 CG6519 13860
CG6028 52314 CG6149 40847 CG6264 5963 CG6395 34168 CG6521 22497
CG6030 21018 CG6151 39596 CG6267 30079 CG6395 47208 CG6522 22500
CG6034 33631 CG6152 41825 CG6267 42260 CG6396 35082 CG6523 34174
CG6036 21023 CG6153 22257 CG6269 10825 CG6396 35082 CG6524 33286
CG6042 25168 CG6154 23008 CG6271 50744 CG6396 35082 CG6533 19870
CG6042 49491 CG6155 34151 CG6272 34156 CG6401 39552 CG6534 30462
CG6045 21032 CG6156 22258 CG6275 845 CG6405 35087 CG6535 22502
CG6045 48191 CG6167 22268 CG6275 3053 CG6407 32257 CG6538 12602
CG6046 15710 CG6168 28405 CG6278 23598 CG6410 24701 CG6539 7154

CG6049 25497 CG6169 22272 CG6279 37267 CG6412 44327 CG6539 49505
CG6050 48982 CG6171 30128 CG6281 15372 CG6413 35090 CG6543 27658
CG6051 25500 CG6171 49472 CG6284 22483 CG6414 44328 CG6544 34066
CG6052 5311 CG6172 13062 CG6287 40358 CG6415 51541 CG6545 12662
CG6053 35052 CG6173 14703 CG6292 37562 CG6418 40379 CG6546 24703
CG6054 35055 CG6176 30131 CG6293 33220 CG6420 42060 CG6547 46065
CG6056 34148 CG6177 22280 CG6299 46105 CG6422 27614 CG6549 27661
CG6057 6532 CG6178 1172 CG6302 28794 CG6424 27619 CG6550 4947

CG6058 27542 CG6179 40341 CG6303 48309 CG6428 27622 CG6551 27662
CG6058 47667 CG6180 47677 CG6304 48212 CG6432 43451 CG6554 40388
CG6059 35056 CG6181 37945 CG6308 30273 CG6434 36424 CG6562 46070
CG6061 35061 CG6182 14705 CG6311 30149 CG6437 45275 CG6565 39006
CG6064 27545 CG6184 40920 CG6312 10416 CG6438 37023 CG6567 27667
CG6066 35065 CG6186 14666 CG6315 27577 CG6439 14443 CG6570 30461
CG6070 1262 CG6187 34152 CG6318 10759 CG6443 15736 CG6570 52323
CG6072 27546 CG6188 25983 CG6320 27581 CG6444 27626 CG6571 35105
CG6073 17256 CG6189 22287 CG6321 27584 CG6445 36320 CG6574 40902
CG6074 31148 CG6190 45876 CG6321 47682 CG6449 5208 CG6576 26695
CG6081 7868 CG6191 27133 CG6322 34242 CG6450 40382 CG6577 12588
CG6083 27549 CG6192 24719 CG6323 4391 CG6451 27630 CG6578 6170

CG6084 27551 CG6193 22290 CG6325 35072 CG6453 37991 CG6582 51472
CG6087 9699 CG6194 22294 CG6327 43988 CG6454 36655 CG6584 25999
CG6089 27554 CG6196 22297 CG6330 44326 CG6455 11938 CG6589 46072
CG6090 22218 CG6196 47140 CG6331 6782 CG6459 15520 CG6593 27673
CG6091 27558 CG6197 46312 CG6331 47132 CG6461 18545 CG6597 28237



APPENDIX 122

CG6603 27680 CG6717 18961 CG6840 23290 CG6949 40405 CG7051 22340
CG6604 28416 CG6719 27727 CG6841 34253 CG6950 22321 CG7052 35611
CG6604 50849 CG6721 23016 CG6842 35126 CG6951 27756 CG7053 27815
CG6605 27683 CG6723 13769 CG6844 1194 CG6953 1530 CG7054 40416
CG6607 27688 CG6724 27730 CG6846 40402 CG6954 27759 CG7055 37684
CG6608 6005 CG6725 37361 CG6847 22451 CG6961 35150 CG7056 15719
CG6612 42064 CG6726 34247 CG6850 16467 CG6963 26003 CG7057 27820
CG6613 42065 CG6733 50172 CG6851 44306 CG6964 13687 CG7059 21651
CG6614 26700 CG6736 12890 CG6852 26001 CG6966 22326 CG7060 42883
CG6615 27691 CG6737 46197 CG6854 12762 CG6967 27769 CG7061 27823
CG6618 8052 CG6738 27736 CG6856 34354 CG6971 35153 CG7062 34190
CG6619 15622 CG6738 48918 CG6857 7231 CG6971 48986 CG7066 36572
CG6620 35107 CG6741 16826 CG6859 12426 CG6972 27772 CG7067 27831
CG6621 27695 CG6742 27738 CG6860 7306 CG6975 6314 CG7068 44241
CG6622 27699 CG6743 22407 CG6863 2656 CG6976 37532 CG7069 27834
CG6623 40390 CG6744 48329 CG6866 22453 CG6978 7041 CG7070 35165
CG6625 22379 CG6745 46746 CG6867 37416 CG6980 29148 CG7070 49533
CG6627 42798 CG6746 46513 CG6868 1216 CG6983 35158 CG7071 46823
CG6630 26701 CG6747 28431 CG6869 5271 CG6984 21649 CG7073 34191
CG6632 52510 CG6750 9408 CG6870 52570 CG6987 27775 CG7074 12721
CG6633 6016 CG6751 12577 CG6871 6283 CG6988 23358 CG7075 3666
CG6634 30519 CG6752 43605 CG6873 22454 CG6990 27782 CG7076 28740
CG6637 21658 CG6753 16600 CG6875 2910 CG6990 50520 CG7077 33835
CG6643 28418 CG6754 28215 CG6876 35131 €G6993 10715 CG7077 42713
CG6649 7320 CG6755 6282 CG6877 22455 CG6998 43116 CG7081 5136
CG6650 8363 CG6756 18112 CG6878 9224 CG6999 41829 CG7082 2554
CG6652 26706 CG6757 22412 CG6881 1815 CG7000 42496 CG7083 22342
CG6653 8574 CG6758 43606 CG6883 22703 CG7002 37005 CG7085 46150
CG6656 1630 CG6759 52667 CG6884 27750 CG7004 27785 CG7090 14610
CG6657 8144 CG6760 27743 CG6888 26094 CG7005 9797 CG7092 27837
CG6658 8569 CG6762 35734 CG6890 9430 CG7006 29512 CG7097 35166
CG6659 8038 CG6763 18940 CG6890 13549 CG7007 33342 CG7098 46320
CG6660 6835 CG6766 38035 CG6890 27099 CG7007 47187 CG7099 27848
CG6662 26713 CG6767 35112 CG6891 50055 CG7008 19013 CG7100 1092

CG6664 12780 CG6768 13645 CG6892 30552 CG7009 27789 CG7103 6175

CG6665 8202 CG6770 35825 CG6894 9154 CG7009 27790 CG7103 46875
CG6666 6031 CG6772 30673 CG6897 35134 CG7010 40410 CG7106 45634
CG6667 45998 CG6775 26090 CG6898 37358 CG7011 46860 CG7107 27853
CG6668 6719 CG6778 44603 CG6899 1012 CG7013 12834 CG7108 43870
CG6672 12132 CG6779 37742 CG6899 4297 CG7014 27792 CG7109 41924
CG6673 41806 CG6781 34227 CG6899 27232 CG7014 49879 CG7111 27858
CG6674 26716 CG6782 50714 CG6900 23602 CG7015 41858 CG7112 35174
CG6677 7141 CG6784 39312 CG6900 49629 CG7015 49498 CG7113 37083
CG6678 26719 CG6788 42912 CG6903 3285 CG7018 15355 CG7115 9404
CG6682 26721 CG6788 48054 CG6904 35136 CG7020 27796 CG7121 839

CG6684 52603 CG6789 27747 CG6905 13492 CG7023 27799 CG7121 17903
CG6686 21573 CG6790 12134 CG6906 8357 CG7024 27803 CG7121 44705
CG6690 14439 CG6792 35118 CG6907 22460 CG7025 43187 CG7123 23121
CG6691 3951 CG6794 30578 CG6910 22464 CG7026 8254 CG7125 22344
CG6692 13959 CG6796 6494 CG6913 46690 CG7026 48830 CG7127 27867
CG6693 27717 CG6798 1199 CG6914 35139 CG7028 27808 CG7128 27870
CG6695 36656 CG6800 40397 CG6915 35141 CG7033 41190 CG7129 52571
CG6696 28426 CG6811 34250 CG6919 47896 CG7034 35162 CG7131 52520
CG6696 49114 CG6812 8534 €G6920 13310 CG7035 22331 CG7134 27881
CG6697 27720 CG6814 22442 CG6921 30179 CG7036 13070 CG7137 27884
CG6699 42071 CG6815 39675 CG6923 26096 CG7037 22335 CG7139 35177
CG6700 39007 CG6816 5601 CG6928 5231 CG7038 40413 CG7140 27888
CG6701 36557 CG6817 10102 CG6930 35147 CG7038 47159 CG7143 44721
CG6702 41812 CG6818 26723 CG6931 22468 CG7039 26007 CG7144 51346
CG6703 34185 CG6818 49479 CG6931 49058 CG7041 26097 CG7145 40422
CG6704 46856 CG6819 47693 CG6932 22307 CG7042 23452 CG7146 40427
CG6706 1784 CG6822 5142 CG6937 22315 CG7044 27811 CG7149 43821
CG6707 44557 CG6824 12663 CG6938 37271 CG7047 15203 CG7152 27893
CG6711 37548 CG6827 9039 CG6939 22317 CG7048 29811 CG7154 37669
CG6712 39012 CG6831 40399 CG6944 45635 CG7049 15846 CG7156 26036
CG6713 27722 CG6835 49800 CG6946 27752 CG7050 4306 CG7158 35179
CG6716 6221 CG6838 35123 CG6948 22318 CG7050 36328 CG7161 35186



APPENDIX 123

CG7162 13054 CG7269 22556 CG7394 9210 CG7508 2924 CG7637 23669
CG7163 38247 CG7272 8374 CG7395 9379 CG7508 48674 CG7637 42402
CG7168 27894 CG7274 40440 CG7397 13429 CG7509 51585 CG7638 8235

CG7169 44999 CG7275 22561 CG7398 4769 CG7510 8532 CG7639 33641
CG7172 27898 CG7277 30691 CG7398 6543 CG7511 52654 CG7640 23671
CG7176 42915 CG7279 18107 CG7398 30066 CG7512 13829 CG7642 25172
CG7177 35194 CG7280 18550 CG7399 35240 CG7513 35250 CG7646 35742
CG7178 34196 CG7281 27937 CG7400 9406 CG7514 37233 CG7650 41714
CG7180 34368 CG7281 48835 CG7400 48719 CG7515 35251 CG7654 47988
CG7183 40429 CG7282 27941 CG7402 37302 CG7516 28058 CG7655 12429
CG7184 34373 CG7282 50406 CG7405 10398 CG7518 26745 CG7656 26881
CG7186 27904 CG7283 23458 CG7408 8415 CG7519 21653 CG7659 12639
CG7187 28610 CG7283 52411 CG7413 10696 CG7520 15927 CG7659 46805
CG7188 37108 CG7285 13560 CG7414 18804 CG7524 35252 CG7662 43094
CG7190 31070 CG7288 47663 CG7415 35242 CG7530 5872 CG7662 46962
CG7192 52526 CG7289 34281 CG7417 37555 CG7532 12405 CG7664 26885
CG7193 40434 CG7291 30725 CG7420 46316 CG7536 11576 CG7665 13566
CG7194 24723 CG7292 35200 CG7421 27995 CG7538 10967 CG7669 29200
CG7195 28160 CG7293 27943 CG7423 28003 CG7542 47336 CG7670 44595
CG7195 39303 CG7301 39384 CG7424 44630 CG7546 35253 CG7671 33645
CG7197 19736 CG7305 48072 CG7425 26011 CG7550 35254 CG7678 11649
CG7199 37072 CG7307 18553 CG7427 28006 €G7555 13121 CG7685 5919

CG7199 48979 CG7311 41813 CG7429 28008 CG7556 28621 CG7686 33650
CG7200 27913 CG7317 28694 CG7430 28011 CG7558 35258 CG7693 41719
CG7206 22530 CG7319 27949 CG7431 2857 CG7560 28063 CG7694 25520
CG7207 27914 CG7322 9258 CG7432 31091 CG7562 30441 CG7697 21045
CG7211 35386 CG7323 15631 CG7433 28014 CG7563 35261 CG7698 39557
CG7212 40436 CG7324 31064 CG7435 48430 CG7564 29462 CG7700 12152
CG7215 27916 CG7328 27951 CG7436 28019 CG7565 3707 CG7704 45957
CG7215 49802 CG7329 48340 CG7437 28023 CG7565 8396 CG7706 25524
CG7217 35196 CG7331 27955 CG7438 12558 CG7565 36291 CG7708 30301
CG7217 49806 CG7332 27959 CG7439 49473 CG7568 45783 CG7709 9865

CG7218 5908 CG7334 13375 CG7441 28027 CG7571 37295 CG7712 50214
CG7220 34198 CG7335 27962 CG7446 5329 CG7573 8337 CG7716 25526
CG7221 22536 CG7337 35204 CG7447 30934 CG7577 36659 CG7717 25528
CG7222 34377 CG7338 27963 CG7449 9471 CG7578 33634 CG7718 25532
CG7223 6692 CG7339 13629 CG7449 27065 CG7580 28839 CG7719 21046
CG7223 40627 CG7340 3174 CG7449 40898 CG7581 21037 CG7722 25534
CG7224 36437 CG7343 35206 CG7452 36595 CG7582 1353 CG7724 43927
CG7225 13863 CG7343 35206 CG7457 26740 CG7583 37609 CG7725 33654
CG7228 33155 CG7343 35206 CG7457 46671 CG7590 25506 CG7726 45427
CG7230 15900 CG7345 10813 CG7459 5805 CG7595 9265 CG7727 42673
CG7231 2783 CG7347 46011 CG7460 13115 CG7597 25510 CG7728 21048
CG7233 27919 CG7349 51481 CG7461 28028 CG7598 14861 CG7729 37010
CG7234 7878 CG7351 27966 CG7462 40638 CG7600 47473 CG7734 3226

CG7235 22539 CG7352 40636 CG7464 10558 CG7601 4456 CG7735 43508
CG7238 34382 CG7354 14305 CG7466 42462 CG7602 37594 CG7736 1501

CG7241 5851 CG7356 26100 CG7467 7810 CG7605 43730 CG7737 49437
CG7245 22541 CG7359 9888 CG7469 28033 CG7609 21041 CG7739 51521
CG7245 22541 CG7360 40773 CG7470 38955 CG7610 16539 CG7740 51956
CG7246 34256 CG7362 7556 CG7471 30599 CG7611 25511 CG7741 33655
CG7250 927 CG7364 7706 CG7471 46930 CG7614 12575 CG7742 25535
CG7250 7995 CG7365 14318 CG7473 39151 CG7615 47312 CG7744 33247
CG7250 27103 CG7367 43822 CG7478 9776 CG7616 41408 CG7747 44854
CG7254 27928 CG7368 27978 CG7479 45048 CG7620 30391 CG7749 3749

CG7255 8373 CG7371 27984 CG7480 44263 CG7621 48032 CG7749 5098

CG7257 22548 CG7371 48711 CG7484 13358 CG7622 39914 CG7749 27113
CG7259 5273 CG7375 35220 CG7485 26876 CG7623 12149 CG7757 25547
CG7260 43909 CG7376 35222 CG7486 28041 CG7625 30382 CG7758 12823
CG7261 27931 CG7378 35226 CG7487 10614 CG7626 19793 CG7759 21052
CG7262 22552 CG7378 47855 CG7490 28618 CG7627 2807 CG7760 37611
CG7263 2544 CG7379 27988 CG7494 28042 CG7628 19713 CG7761 8692

CG7264 22554 CG7382 47494 CG7494 48961 CG7628 49973 CG7762 25549
CG7265 27932 CG7387 27993 CG7497 9374 CG7632 45675 CG7764 12596
CG7266 26009 CG7390 35229 CG7499 9179 CG7633 6178 CG7765 44337
CG7266 48992 CG7391 42834 CG7504 28050 CG7635 9160 CG7766 52573
CG7268 24453 CG7392 35232 CG7507 28053 CG7636 13828 CG7768 35266



APPENDIX 124

CG7769 44976 CG7887 1374 CG7993 35314 CG8114 35349 CG8243 26952
CG7770 34203 CG7887 43329 CG7995 22652 CG8116 45735 CG8244 30642
CG7771 26888 CG7888 37264 CG7997 16840 CG8117 23254 CG8244 33842
CG7772 30431 CG7891 26085 CG7998 22654 CG8117 47174 CG8245 28878
CG7773 35267 CG7892 3002 CG7999 15878 CG8127 44851 CG8250 11446
CG7776 35268 CG7893 6241 CG8001 35317 CG8128 47740 CG8251 24257
CG7777 8124 CG7894 869 CG8003 22659 CG8129 24201 CG8253 35411
CG7779 29046 CG7894 3060 CGB005 22664 CG8129 46959 CG8254 13716
CG7785 36650 CG7894 42251 CG8007 11462 CG8132 17254 CG8256 19565
CG7787 45715 CG7895 12656 CG8008 4158 CG8134 24204 CG8257 35865
CG7788 28065 CG7896 907 CG8009 41105 CG8135 42635 CG8257 50371
CG7791 35272 CG7896 3813 CGB009 48955 CG8138 24208 CG8258 45789
CG7793 42848 CG7896 36340 CG8013 42423 CG8142 10881 CG8261 28844
CG7804 28067 CG7899 3579 CG8014 22671 CG8144 24214 CG8266 35867
CG7804 49886 CG7900 43157 CG8019 41022 CG8146 23126 CG8267 35870
CG7806 2804 CG7904 848 CG8020 44076 CG8146 48210 CG8268 23678
CG7807 41130 CG7904 37279 CG8021 23675 CG8147 2892 CG8269 23728
CG7808 35278 CG7908 2733 CG8023 34210 CG8149 24215 CG8270 23755
CG7809 22564 CG7910 51546 CG8025 26039 CG8151 12581 CG8271 4607

CG7810 22565 CG7911 23075 CG8026 4163 CG8152 13978 CG8272 24262
CG7811 2890 CG7912 1377 CG8029 48016 CG8153 15695 CG8273 28887
CG7813 22566 CG7913 22614 CG8031 35326 CG8155 24218 CG8274 24265
CG7814 35279 CG7914 22619 CG8032 28175 CG8156 24224 CG8276 28888
CG7815 22567 CG7915 22620 CG8036 35330 CG8161 35843 CG8277 24267
CG7816 1362 CG7917 22623 CG8038 28179 CG8166 8137 CG8280 24270
CG7818 13541 CG7919 5117 CG8039 29473 CG8167 44761 CG8280 49890
CG7818 48559 €G7921 1381 CG8042 35331 CG8169 39193 CG8282 24275
CG7820 26015 CG7923 7492 CG8043 28181 CG8171 23131 CG8284 35872
CG7821 40641 CG7925 52533 CG8046 7380 CG8173 35845 CG8285 4365

CG7823 46154 CG7926 7748 CGB048 46563 CG8174 26933 CG8286 14154
CG7825 44723 CG7927 22627 CG8049 22675 CG8177 39492 €G8287 28092
CG7826 28628 CG7929 12920 CG8053 26022 CG8184 26935 CG8288 24278
CG7828 7728 CG7931 21578 CG8058 13314 CG8186 49888 CG8289 24279
CG7830 4253 CG7931 50524 CGBO60 22684 CG8187 24230 CG8290 12739
CG7831 22570 CG7935 38963 CG8060 46991 CG8189 14210 CG8293 2972

CG7832 49339 CG7940 22633 CG8064 28182 CG8190 43917 CG8297 8972

CG7833 44030 CG7943 28632 CG8064 49076 CG8194 13018 CG8297 46760
CG7834 36661 CG7945 35296 CG8067 22687 CG8197 42125 CG8298 43541
CG7837 22573 CG7946 35298 CG8067 47871 CG8199 24231 CG8300 24291
CG7838 26109 CG7948 14021 CG8068 30709 CG8200 42130 CG8302 51943
CG7839 12691 CG7949 21657 CG8069 28189 CG8202 35410 CG8303 4917

CG7840 47495 CG7950 22635 CG8070 35333 CG8203 35855 CG8306 23134
CG7842 14279 CG7951 46696 CG8073 23020 CG8207 24236 CG8308 24297
CG7842 46334 CG7954 52538 CG8075 7376 CG8208 9261 CG8311 8985

CG7843 22574 CG7955 40838 CG8079 23023 CG8209 35858 CG8314 1691

CG7845 22578 CG7956 22638 CG8083 37162 CG8211 24237 CG8315 28892
CG7847 9921 CG7957 44027 CG8085 28192 CG8211 24239 CG8318 35877
CG7849 22588 CG7958 28070 CG8086 23028 CG8212 44731 CG8320 8797

CG7850 3018 CG7960 13679 CG8090 30341 CG8213 7372 CG8321 8765

CG7851 33157 CG7961 35306 CG8091 23033 CG8214 24240 CG8322 30280
CG7852 7178 CG7962 5121 CG8092 28196 CG8219 24244 CG8323 4861

CG7855 22590 CG7964 50645 CG8093 19561 CG8222 976 CG8325 35881
CG7860 34395 CG7966 22639 CG8094 35337 CG8222 13503 CG8326 23760
CG7861 34388 CG7970 8857 CG8095 4891 CG8222 43459 CG8327 35883
CG7864 46613 CG7971 34262 CG8097 28199 CG8223 35861 CG8330 23763
CG7865 15782 CG7972 28072 CG8098 6455 CG8224 853 CG8331 35377
CG7867 28069 CG7974 28074 CG8102 16898 CG8224 3825 CG8332 35415
CG7870 2802 CG7975 40645 CG8103 10766 CG8226 8747 CG8333 10950
CG7872 9134 CG7978 51974 CG8104 29788 CG8230 37160 CG8334 18982
CG7873 26019 CG7979 5126 CG8105 8037 CG8231 23751 CG8335 15506
CG7875 1365 CG7980 28169 CG8107 23037 CG8233 24248 CG8336 23729
CG7878 35288 CG7985 8257 CG8107 46241 CG8234 40980 CG8338 28240
CG7879 15260 CG7986 22646 CG8108 35343 CG8234 49889 CG8339 5070

CG7882 8103 CG7988 22651 CG8109 11329 CG8237 9324 CG8340 35890
CG7883 40321 CG7988 46277 CG8110 35345 CG8239 24253 CG8343 7735

CG7885 14000 CG7989 28172 CG8111 29391 CG8240 28877 CG8344 15692
CG7886 22610 CG7990 46157 CG8112 37345 CG8241 47782 CG8349 48682
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CG8351 28895 CG8453 4615 CG8584 26988 CG8693 7947 CG8808 37966
CG8353 35896 CG8454 23769 CG8587 26989 CG8694 28292 CG8809 39076
CG8354 28848 CG8455 47953 CG8589 24180 CG8695 15791 CG8811 29774
CG8355 20210 CG8461 24103 CG8590 35975 CG8696 15789 CG8814 2606
CG8356 7317 CG8464 24104 CG8591 30713 CG8705 11791 CG8815 10808
CG8357 30485 CG8465 24107 CG8593 47001 CG8706 3710 CG8816 36045
CGB360 41643 CGB468 6452 CG8594 4642 CG8706 8397 CG8816 50135
CG8361 16753 CG8470 40712 CG8595 6541 CG8706 39215 cG8817 13081
CG8362 35901 CG8472 28243 CG8595 39176 CG8707 36003 CG8819 49637
CG8363 35904 CG8474 51285 CG8596 5089 CG8708 45194 CG8821 37660
CG8364 52541 CG8475 2800 CG8598 35982 CG8709 36007 CG8821 49640
CG8365 37685 CG8481 28906 CG8601 28932 CG8711 44829 CG8823 30821
CG8368 45259 CG8481 49470 CG8603 26992 CG8714 9951 CG8824 4637
CG8370 42509 CG8483 41263 CG8603 47148 CG8717 8739 CG8825 28958
CG8372 8043 CG8485 35940 CG8604 9264 CG8719 39121 CG8825 46268
CG8376 37791 CG8486 2796 CG8605 29435 CG8719 50531 CG8827 41219
CG8378 40705 CG8487 42140 CG8606 48214 CG8721 30038 CG8830 28960
CG8379 35911 CG8491 23142 CG8609 14032 CG8722 40717 CG8831 42153
CG8380 12082 CG8492 14929 CG8610 35986 CG8725 28942 CG8833 36408
CG8383 35915 CG8493 24109 CG8611 28936 CG8726 40719 CG8839 4620
CG8384 6315 CG8494 42609 CG8612 15199 CG8727 11765 CG8841 23625
CG8385 23082 CG8495 28849 CG8614 42146 CG8728 23617 CG8841 48253
CG8386 35919 CG8497 24111 CG8615 42152 CG8728 48677 CG8843 28873
CG8390 46229 CG8498 35388 CG8616 38249 CG8729 15533 CG8844 35437
CG8392 35923 CG8500 28795 CG8624 26995 CG8730 23772 CG8846 35439
CG8394 45917 CG8506 24114 CG8625 6208 CG8732 3222 CG8849 36050
CG8395 24305 CG8507 42640 CG8627 23680 CG8733 51921 CG8853 51322
CG8396 47383 CG8509 28915 CG8628 35392 CG8734 7949 CG8855 19050
CG8400 35419 CG8517 28093 CG8629 39155 CG8735 4025 CG8857 23475
CGB401 45237 CG8520 36546 CG8630 33340 CG8739 47750 CG8858 23634
CG8402 24308 CG8522 37640 CG8630 50290 CG8743 45989 CG8860 8768
CGB403 42478 CG8523 51165 CG8631 2998 CG8749 23150 CG8862 38085
CGB404 45482 CG8524 30460 CG8632 4654 CG8757 13110 CG8863 23637
CG8405 11127 CG8525 28916 CG8635 24131 CG8759 36017 CG8865 23639
CG8407 23504 CG8527 39580 CG8636 28937 CGB760 28945 CG8873 45618
CGB408 12432 CG8529 44360 CG8637 35988 CG8764 35829 CG8874 36053
CG8409 31995 CG8531 24122 CG8639 29968 CG8766 4658 CG8877 18567
CG8411 28897 CG8532 35949 CG8641 35993 CG8767 36533 CG8881 28975
CG8412 5934 CG8534 49893 CG8641 52260 CG8768 36022 CG8882 28976
CG8415 35421 CG8536 4867 CG8642 35997 CG8771 36023 CGB884 35445
CG8415 50956 CG8538 35952 CG8645 35431 CG8772 7192 CG8885 7860
CG8416 12734 CG8542 24125 CG8646 38092 CG8773 10203 CG8886 46702
CG8417 49508 CG8544 37792 CG8647 38189 CG8774 5862 CG8887 28982
CG8418 35929 CG8545 35954 CG8648 15698 CG8776 7909 CG8888 30336
CG8419 24097 CG8546 5110 CG8649 6276 CG8776 40803 CG8890 24148
CG8421 52589 CG8548 28920 CG8649 47514 CG8778 23621 CG8891 36055
CG8425 44049 CG8549 28924 CG8651 37715 CG8779 979 CG8892 28985
CGB426 37545 CG8552 35957 CG8652 46514 CG8779 30073 CG8893 23645
CG8427 35934 CG8553 35959 CG8654 4715 CG8779 37282 CG8893 50351
CG8428 3229 CG8556 28926 CG8655 40715 CG8781 36025 CG8895 7866
CG8431 26959 CG8556 50349 CG8656 24184 CG8782 28950 CG8895 33919
CG8432 28866 CG8557 28927 CG8657 4659 CG8783 40721 CG8896 965

CG8433 4902 CG8561 44361 CG8660 35432 CG8784 15989 CG8896 36305
CG8433 49808 CG8566 23464 CG8663 44486 CG8785 4650 CG8896 44386
CG8434 4319 CG8566 47171 CG8664 47568 CG8786 36028 CG8900 23083
CG8434 42570 CG8567 39592 CG8665 35999 CG8789 26910 CG8902 23650
CG8434 43898 CG8568 18534 CG8667 44470 CG8790 5863 CG8905 42162
CG8435 28900 CG8569 35962 CG8668 33156 CG8793 36033 CG8907 28987
CG8439 47742 CG8571 35967 CG8669 2935 CG8795 1768 CG8909 29900
CG8440 6216 CG8577 51237 CG8675 26997 CG8798 36035 CG8912 28989
CGB442 44439 CG8578 35969 CG8676 37694 CG8799 39539 CG8914 26915
CG8443 42136 CG8580 24130 CG8677 23608 CG8800 42117 CG8915 28857
CG8444 5830 CG8581 16923 CG8678 36002 CG8803 4174 CG8916 9138
CGB445 47743 CG8581 24475 CG8679 30778 CG8804 6446 CG8918 28994
CGB446 23141 CG8581 29909 CG8680 23467 CG8804 51091 CG8919 28996
CG8448 39126 CG8582 35970 CG8681 1479 CG8805 4176 CG8920 28998
CG8449 24102 CG8583 33282 CG8690 15798 CG8806 40723 CG8922 36060
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CG8923 36063 CG9031 42189 CG9143 46330 CG9257 6406 CG9386 47755
CG8928 23480 CG9032 23685 CG9144 27006 CG9I258 46542 CG9388 24017
CG8930 905 CG9032 50958 CG9144 48207 CG9261 2660 CG9389 44663
CG8930 4753 CG9033 44287 CG9147 29050 CG9265 46577 €G9391 23723
CG8930 29931 CG9035 8759 CG9148 45224 CG9267 2879 CG9393 44400
CG8933 7802 CG9038 29012 CG9150 16877 CG9270 29961 CG9394 13879
CG8936 47207 CG9041 28163 CG9151 9827 CG9271 15547 €G9398 29110
CG8937 45596 CG9042 29013 CG9151 47881 CG9272 41018 €G9399 13788
CG8938 23084 CG9044 42193 CG9153 37221 CG9273 30572 CG9400 43296
CG8938 50140 €G9045 37711 CG9154 29054 CG9277 24138 CG9401 28132
CG8939 40726 CG9046 13230 CG9154 49534 CG9279 45052 CG9406 29765
CG8942 1031 CG9047 23153 CGI155 49345 €G9283 15223 CG9406 48893
CG8942 9976 CG9049 36085 CG9156 29057 €G9286 23735 CG9410 44669
CG8942 40747 CG9053 10168 CG9159 7893 €G9288 46191 CG9412 29113
CG8946 37974 CG9054 29019 CG9160 39232 €G9290 14349 CG9413 45180
CG8947 14218 CG9056 29021 CG9160 43503 €G9291 15302 CG9414 30479
CG8948 42165 CG9057 40734 CG9163 1025 €G9294 29092 CG9415 15347
CG8949 48307 CG9060 12665 CG9163 30075 €G9296 29096 CG9416 10064
CG8950 36069 CG9062 3810 CG9163 45927 CG9300 24139 CG9418 37665
CG8954 23659 CG9063 40738 CG9166 28109 €G9302 15544 €G9422 30171
CG8956 3343 CGI064 2647 CG9169 27008 CG9304 11142 CG9423 36103
CG8958 42169 CG9065 29838 CG9170 29066 €G9305 30523 CG9426 10843
CG8959 14837 CG9065 33879 CG9171 13451 €G9306 23088 CG9427 15375
CG8962 29003 CG9066 45185 CG9171 50541 €G9307 23163 CG9428 3986

CG8963 42110 CG9067 35744 CG9172 23255 CG9308 6606 CG9429 51272
CG8967 878 CG9071 4062 CG9176 40964 €G9310 12692 CG9430 7339

CG8967 30834 CG9075 42201 CG9177 29070 CG9311 14173 CG9433 41021
CGBI67 42565 CG9081 38218 CG9181 37437 €G9313 29099 CG9436 24026
CG8968 26923 CG9084 45609 CG9184 10283 CG9314 44647 CG9438 37148
CGB968 48894 CG9086 28961 CG9187 44366 CG9320 24141 CG9441 33923
CG8969 30483 CG9088 42203 CG9191 52549 €G9322 29100 CG9443 5843

CGBI72 45845 CG9089 40966 CG9195 9130 CG9323 44984 CG9444 43275
CG8974 5572 CG9090 44297 CG9198 29072 €G9325 29101 CG9446 44671
CG8975 7965 CG9092 51445 CG9200 36092 CG9326 24157 CG9448 24030
CG8976 7394 CG9093 9696 €G9201 29073 CG9328 28125 CG9450 24031
CG8977 36071 CG9095 23159 CG9203 29075 CG9330 44651 CG9451 14344
CG8978 42171 CG9096 29023 CG9204 28111 CG9331 44653 CG9452 51202
CG8979 28860 €G9098 27001 CG9206 3785 €G9333 52551 CG9453 47262
CG8980 42175 CG9099 28106 CG9207 12616 CG9334 30774 CG9454 24032
CG8981 28098 CG9099 49895 CG9209 44638 CG9334 49899 CG9455 13263
CG8983 51675 CG9100 27002 CG9210 11547 CG9339 44655 CG9456 37955
CG8987 3133 CG9102 8943 €G9211 1001 CG9342 15775 CG9458 48700
CG8988 4601 CG9102 49042 CG9211 29898 CG9343 41095 CG9459 5948

CG8989 12771 CG9104 10472 CG9211 42577 CG9344 23689 CG9459 48905
CG8993 41126 CG9108 30030 CG9212 28116 CG9345 16643 CG9460 24036
CG8995 23665 CG9109 16982 CG9214 42209 CG9346 27013 CG9461 24039
CG8996 44378 CG9111 39183 €G9218 28119 CG9347 29108 CG9463 15587
CG8998 28102 CG9113 3275 €G9219 35750 CG9350 30619 CG9463 48063
CG9000 37179 CG9115 29032 €G9220 29085 CG9351 24143 CG9465 52269
CG9001 4931 CG9116 38139 €G9222 27010 CG9353 35447 CG9466 13040
CG9002 49812 CG9116 50537 CG9224 37407 CG9354 49902 CG9466 46288
CG9003 23481 CG9117 52545 CG9227 40858 CG9357 44656 CG9467 45806
CG9004 40727 CG9118 14931 €G9231 9101 CG9359 24144 CG9468 15590
CG9005 36079 CG9118 49813 €G9232 29087 CG9360 13189 CG9469 15469
CG9009 12016 CG9119 46326 €G9236 39161 CG9361 8564 CG9471 24042
CG9010 40728 CG9120 49896 CG9238 24149 CG9362 24012 CG9472 8424

CG9012 23666 CG9124 36086 CG9240 14833 CG9363 37012 CG9473 15339
CG9013 4964 CG9126 47073 CG9242 24152 CG9364 30730 CG9474 48033
CG9014 36084 CG9126 47074 CG9243 37422 CG9373 44658 CG9480 35452
CG9015 35697 CG9127 47972 CG9244 12455 CG9375 28129 CG9484 44676
CG9018 40732 CG9128 37216 CG9245 11852 CG9376 9457 CG9485 45809
CG9019 33909 CG9131 44362 CG9246 24136 CG9377 42837 CG9488 29720
CG9020 42185 CG9134 48756 CG9247 52612 CG9378 28130 CG9490 23316
€G9022 45173 CG9135 36091 CG9248 41226 CG9379 22824 CG9491 27015
€G9023 51936 CG9138 1047 CG9249 47643 CG9381 44662 CG9493 40743
CG9025 44428 CG9139 46329 CG9250 36095 CG9383 23737 CG9494 44877
CG9027 37794 CG9140 43184 CG9250 48548 CG9384 14169 CG9495 3795
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CG9496 2824 CG9630 31081 CG9779 29275 CG9941 29596
CG9499 7900 €G9633 11210 CG9783 29276 CG9941 29902
CG9501 7903 CG9636 28133 CG9784 30098 CG9943 5081
CG9508 24052 CG9637 9073 €G9786 11775 CG9943 48887
CG9510 44683 CG9638 24076 CG9790 23702 CG9945 23742
CG9512 14809 CG9643 24081 CG9796 36452 CG9946 7799
CG9514 37403 CG9646 14982 CG9799 29280 CG9949 50178
CG9517 24162 CG9648 15351 CG9802 39207 CG9951 29457
CG9518 8328 CG9650 23170 CG9804 46579 CG9951 36172
CG9519 16501 CG9655 37309 CG9805 28140 CG9952 29903
CG9519 47195 CG9657 43922 CG9811 30103 CG9953 9024
CG9520 2826 CG9660 24083 CG9818 29285 CG9954 12712
CG9521 16497 CG9662 7278 CG9819 30105 CG9958 28145
CG9521 47136 CG9662 7278 CG9828 29289 CG9958 49822
CG9522 19861 CG9666 45658 CG9834 29290 CG9961 36175
CG9523 1451 CG9667 36127 CG9836 29295 CG9968 29693
CG9526 51451 CG9668 46919 CG9839 36455 CG9968 36185
CG9527 24054 CG9670 24086 CG9842 46873 CG9973 36187
CG9528 44687 CG9674 24089 CG9847 12863 CG9973 36584
CG9533 5569 CG9677 27032 CG9849 12850 CG9976 38002
CG9536 7907 CG9678 23342 CG9852 48717 CG9977 36193
CG9537 29374 CG9680 36131 CG9854 42283 CG9977 49573
CG9539 42763 CG9682 16549 CG9855 33309 CG9981 11566
CG9540 14807 CG9683 22830 CG9862 29302 CG9983 29523
CG9542 45620 CG9688 43887 CG9865 40701 CG9984 42217
CG9543 24059 CG9695 13005 CG9867 44570 CG9985 6229
CG9548 35453 CG9696 7787 CG9868 45506 CG9986 46113
CG9550 43996 CG9699 7742 CG9870 44215 CG9987 36198
CG9554 43911 CG9701 3358 CG9873 29760 CG9987 36494
CG9556 48044 CG9702 6859 CG9876 10481 CG9994 36201
CG9564 45717 CG9703 6137 CG9878 23705 CG9994 43486
CG9565 37803 CG9705 40665 CG9878 50446 €G9995 29531
CG9569 1820 CG9706 49347 CG9879 29311 CG9995 36205
CG9569 1820 CG9709 29119 CG9881 28141 CG9996 36207
CG9571 10480 CG9712 23944 CG9882 29312 CG9998 24177
CG9573 49820 CG9715 36138 CG9884 38258 CG9999 30568
CG9576 47261 CG9717 42669 CG9886 29320
CG9577 24064 CG9722 6679 CG9886 48079
CG9578 45082 CG9723 37412 CG9887 2574
CG9580 50546 CG9725 23945 CG9890 23062
CG9581 39208 CG9726 41347 CG9895 41035
CG9581 48220 CG9727 30575 CG9899 46584
CG9582 2845 CG9728 42895 €G9900 24171
CG9586 28250 CG9730 36139 CG9901 29944
CG9588 47763 CG9732 27035 €G9903 42690
CG9590 29482 CG9734 23483 CG9904 45478
CG9591 44696 €G9735 23951 €G9906 5597
CG9593 24165 CG9738 26928 €G9907 6131
CG9594 13636 CG9739 44390 €G9908 7001
CG9595 24068 CG9741 51061 CG9910 24175
CG9596 27025 CG9742 39256 CG9910 24175
CG9597 36117 CG9747 1394 CG9911 46585
€G9598 15975 CG9748 6299 CG9913 36459
CG9601 24070 CG9749 36142 CG9914 29322
CG9602 29498 CG9750 19021 CG9916 41015
CG9603 37496 CG9752 28138 €G9920 29326
CG9606 44699 CG9752 50282 €G9921 14921
CG9609 30469 CG9753 1385 €G9922 35465
CG9610 48121 CG9755 45815 €G9924 28798
CG9611 36120 CG9761 23171 €G9925 29328
CG9613 5801 CG9762 11381 €G9927 29332
CG9615 24072 CG9764 28674 €G9930 47793
CG9619 36121 CG9770 43462 CG9931 7743
CG9620 42623 CG9772 15636 CG9934 36464
CG9621 16641 CG9774 3793 €G9936 13777
€G9623 5600 CG9776 29266 €G9938 29337
CG9629 44700 CG9778 11037 CG9940 40756
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Il Fly lines used for verification of RNAI effects

Lines, which produced analogue results compared to candidate shRNA are

selectively listed in results.

%
HARS

TUBA1A 1913R-2
C4orf31 22671

PSMBZ

ADHFE1 3425R-3
CNTNAP2

RPS10 17155 12275R-2
MAP2K7 4353R-2
ZBTB20 17254

TRAPPC9

CDC20

DCTN2 8784,11159 8269R-3
STIP1 17166 2720R-1
IGF2R 24748

LAMTOR1

TMEM135

PARD6G

MED14

NEDDS8

Clorf55 5986R-1
HIPK2 22484,20824,20760

DSTN

PRPF8 25905

ARV1

UCK2 6364R-2
DCTN1 24760, 24761

DDX42

ERI2 15513, 17462

NAA10 22609

RDBP

DAB1 16974 9695R-2
FLOT2

BMI1 5549,5573

HM13 24475

C18orf32

TEX261 14861 3500R-2
PCLO 8664R-3
MORF4L1 10290

SCAMP1

MAD1L1 2072R-3
FRMPD4 31304R-2
BTF3L4 20236

RAB30

LAP3 32351R-1
IGFALS

PTRH2 17327R-1
SMG5

LMO7

TRMT2A 17847

C170rf90

CWC(C25

ClZ1 8108R-4
TUBA1C

SHROOM3 20251

TCEB2 15707
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shRNA directed against
e

GDI1
ZNF800
UPP2
ODF3
PSMA3
AP3D1
ATP6VOC
SLC35E1
PSMD13
SF3B5
CCN]J
PTF1A
STK17A
DNAH17
ARRB1
NUDT2
SNRPC
ATP6V1D

Bloomington

3958
19893

15642
21381
20525

NIG-Fly

8086R-2

10308R-3

5454R-2
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Il Phenotypes induced by candidate shRNA |
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N.A.: For phenotypes in GMR-Gal4 and GMR_Tau[R406W]: Phenotype was analysed three times, but
could not be documented. For phenotypes in GMR_attB_Tau[*]: Phenotype could not be analysed
and documented.
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IV Preliminary western blot for altered phosphorylation of Tau

induced by candidate shRNAs
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Appendix Figure 1: Alterations in Tau phosphorylation induced by candidate shRNAs.
Immunoblotting analysis of Tau phosphorylation after knockdown of candidate genes. This is preliminary
data suggesting, that selected candidates do have impact on the state of phospho-epitopes recognised by
AT8, AT100, AT180 and AT270. As these are preliminary blots, normalisation antibody does not show
identical band intensities. However differences are obvious for AT8, AT180 and AT270 (and 5A6). AT100
produces high background signal and does not show any obvious differences in phosphorylation state.
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