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1. Introduction and objective

1.1   Introduction

1.1.1 Intellectual disability

The World Health Organization (WHO) defines intellectual disability (ID) as a 

condition of incomplete brain development, leading to a lack of cognitive, social, 

language or motor abilities (World Health Organization. 2004). Mentally disabled 

individuals score an intelligence quotient (IQ) under 70 and suffer from two 

deficits of abilities in daily life (van Bokhoven 2011; McKenzie et al. 2016). ID can 

further be classified on the level of either mental impairment or the phenotype 

(van Bokhoven 2011). Patients can clinically present a syndromic form, where 

mental impairment is accompanied by additional congenital malformations (e.g. 

Down Syndrome) or neurological features (e.g. epilepsy, autism spectrum 

disorder) (Vissers, Gilissen, and Veltman 2016). 

ID is the most common developmental disorder in humans (Srivastava and 

Schwartz 2014). It represents a global disease with an average prevalence of 2-

3% and can impose a heavy burden on families and society (Kramer and van 

Bokhoven 2009). It gives rise to the highest costs in healthcare (Prince et al. 

2007). 

However, little is known about the possible causes of ID. Apart from 

environmental influences and injuries, genetic modifications seem to play an 

important role (Patel et al. 2010). Genetic modifications can be divided into 

chromosomal aneuploidies, chromosomal structural modifications and 

monogenetic variations. Recent next-generation sequencing (NGS) technologies 

can link 50-60% of moderate-to-severe ID cases to particular genes (Rauch et al. 

2006). More than 700 genes have been identified which can lead to ID when 

mutated. The total number of genes contributing to ID is estimated to range 

between 1,500-22,000 genes and make ID an important research area because 

genetic diagnostics can provide information about prognosis, complications, 

treatment and inheritance (Vissers, Gilissen, and Veltman 2016). 
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Pavlowsky and colleagues showed functional connections between the products 

of individual ID genes on the one hand and common molecular pathways on the 

other (Pavlowsky, Chelly, and Billuart 2012). Neurogenesis, neuronal migration, 

synaptic function, cytoskeleton dynamics or cellular signaling are examples of 

these shared pathways. The functional relationships between ID gene products 

and common molecular pathways allow neuronal cells to form complex networks 

that can be modified in response to learning and experience, enabling cognitive 

function (Crews 2008). Interestingly, many ID genes are involved in epigenetic 

mechanisms as regulators of chromatin structure or chromatin-mediated 

transcriptional regulation (Kramer and van Bokhoven 2009).

1.1.2 Epigenetics and neuronal processes

The DNA (deoxyribonucleic acid) 

encodes the genetic information of all 

living organisms, based on four 

organic bases (adenine, cytosine, 

guanosine, thymine) (Watson and 

Crick 1953). Nucleic acid consists of 

two chains, which form a double helix, 

and is organized as chromatin in the 

nucleus (Figure 1) (Kouzarides 

2007). It is coiled around 

nucleosomes like a chain around 

beats. Each nucleosome consists of a histone (H) octamer, composed of two 

histones H2a, H2b, H3 and H4. Histone H1, located in-between these 

components, is linked to the DNA. Chromatin can be remodeled in a dynamic 

process through four different methyl-cytosines and over 100 different 

posttranslational modifications of histones. They are highly site-specific and 

include inter alia methylation, acetylation, phosphorylation or hydroxylation. 

These modifications determine the three-dimensional structure of DNA in the 

nucleus and can regulate gene expression via changes in DNA accessibility. 

They are summarized as the “epigenome” and remain dynamic throughout their 

Figure 1 Composition of chromatin 
DNA is coiled around nucleosomes which 
consist of eight histones (two from each H2a, 
H2b, H3, H4), and linked to histone H1 in- 
between. These units together form 
chromatin (modified in line with (Kouzarides 
2007)). 
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lifetime, even in neurons and post-mitotic cells of the brain (Cheung and Lau 

2005). The posttranscriptional modifications can be altered by various enzymes 

and exert their influence through different “readers” (Taverna et al. 2007). In 

addition, these modifications, which alter gene expression without changing the 

DNA sequence, can even be inherited, as described by the term “epigenetics” 

(Chen et al. 2014). The structure and regulation of chromatin have a crucial role 

in neurogenesis. They can affect the induction of synaptic plasticity and memory 

formation in the hippocampus and prefrontal cortex (Ronan, Wu, and Crabtree 

2013). Therefore, it is not surprising that over 50 genes affecting the epigenome 

have already been associated with neurodevelopmental disorders, autism, 

schizophrenia and neurodegenerative diseases.

1.1.3 Histone H3 lysine 4 methylation in neurodevelopment

One form of posttranslational modification stands out in the neuronal context 

(Parkel, Lopez-Atalaya, and Barco 2013): histone H3 lysine 4 (H3K4) methylation 

seems to be especially important in brain development and is associated with 

cognitive abilities. In general, methylation can occur on lysine or arginine residues 

due to their ammonium groups (Figure 2) (Kouzarides 2007). The ammonium 

group of lysine can carry between one and three methyl groups, encoding 

different information. Lysine methylation can occur on different histone residues, 

including H3K4, H3K9, H3K27, H3K36, H3K79 and H4K20 (Zhang, Wen, and Shi 

2012). Depending on the location, number of methyl groups, histone residues 

and combination with other posttranslational modifications, histone methylation 

can signal transcriptional initiation and elongation as well as heterochromatic 

silencing (Zhou et al. 2011). Overall, H3K4 methylation marks promotors and 

enhancers and signals gene activation (Barski et al. 2007). 
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H3K4 methylation corresponds with defined transcriptional states of a gene, 

which suits this posttranscriptional modification, especially as a basis for memory 

storage (Parkel, Lopez-Atalaya, and Barco 2013). It is regulated dynamically 

during prenatal and early childhood, especially in the prefrontal cortex 

(Vallianatos and Iwase 2015). 

H3K4 methylation also plays an important role in the pathology of 

neurodevelopmental and neurodegenerative diseases. Genome-wide changes in 

H3K4 methylation have been observed in patients with autism, schizophrenia and 

depression (Ronan, Wu, and Crabtree 2013; Ernst, Chen, and Turecki 2009; 

Cruceanu et al. 2013). 

In addition, different H3K4 methylation levels were detected in different tissues 

with especially high H3K4me1 levels in the brain of healthy individuals, where it 

seems to be of utmost importance to maintain open chromatin states (Shen et al. 

2014).

1.1.4 Dynamics of H3K4 methylation: writers, erasers and readers

The complex balance of H3K4 methylation is achieved by two enzyme families: 

lysine methyltransferases (KMT) and lysine demethylases (KMD) (Parkel, Lopez-

Atalaya, and Barco 2013). So far, thirteen H3K4 specific methyltransferases 

(“writers”) and eight demethylases (“erasers”) as well as various H3K4 binding 

partners (“readers”) have been identified (Figure 3). 

ARTKQTARKSTGGKAPRKQLATKAARKSAPTGGVKKPH…DFKTD…
ME ME ME MEME ME ME

ME

MEME

4                  9                                                                      27                            36   79

ME

ME

Figure 2 Histone methylation residues in histone H3 tails 
The beginning of the amino acid sequence of histone 3 is shown as an example. The 
amino acids lysine (K) and arginine (R) are marked red and can carry up to three methyl 
groups which are illustrated by different numbers of blue ME circles. Together with other 
residues, they form the epigenome and play an important role in neurodevelopment 
(modified in line with (Kim et al. 2017)). 
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The antagonistic enzyme families have probably evolved to shape the delicate 

epigenetic landscape which is needed for developmental and cellular processes 

in complex organs such as the brain (Vallianatos and Iwase 2015). They possess 

a set of functional domains and binding partners: e.g. KMT2A-mediated H3K4 

methylation is bound to the WRAD complex, consisting of WDR5, RbBP5, 

ASH2L, DPY30 (Del Rizzo and Trievel 2011). Each protein functions differently 

and interacts with other cofactors and chromatin-associated proteins (Wu et al. 

2008). Some enzymes target only a subset of genomic loci (e.g. KMT2A-

KMT2D), whereas other enzymes function as general regulators of H3K4 

methylation (e.g. SET1A/B) (Black, Van Rechem, and Whetstine 2012).

1.1.5 Role of H3K4 methyltransferases in neurological diseases

Research about the role of KTMs and KDMs in intellectual development and 

cognition began only recently , while their importance for cancer development 

has been under investigation for much longer time (Parkel, Lopez-Atalaya, and 

Figure 3 Regulation of H3 lysine methylation by different lysine methyl-
transferases and demethylases 
Different H3K4 specific methyltransferases and demethylases regulate H3K4 
methylation states. H3K4 methylation is usually associated with gene activation, 
whereas H3K4 demethylation results in gene silencing (modified in line with (Parkel, 
Lopez-Atalaya et al. 2013)). 
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Barco 2013). A large number of modifications in H3K4 methylation regulators was 

deciphered in ID-affected individuals in recent years (Kim et al. 2017; Faundes et 

al. 2018). They complement the class of ID genes involved in the regulation of 

chromatin structure and chromatin-mediated transcription (Shen et al. 2014). 

Focusing on H3K4 methylation sites, various H3K4 methyltransferases have 

been associated with several neurodevelopmental and neurodegenerative 

disorders. Table 1 gives an overview of H3K4 methyltransferase which have 

been identified in ID patients (Table 1). 

Genetic studies on H3K4 methyltransferases revealed two surprising findings: 

First, no accumulation of mutations was observed around specific locations within 

genes (e.g. functional domains). Second, most pathogenic variants in ID cases 

occur de novo despite a significant number of familial cases (Jones et al. 2012). 

The versatility of variants in histone methylation enzymes in ID patients supports 

the hypothesis that H3K4 methylation is fundamental for a healthy brain 

development. The gain and loss of H3K4 methylation result in similar phenotypes 

such as ID, ASD and seizures (Shen et al. 2014). 

1.1.6 Molecular basis of KMT2E

Table 1 illustrates all H3K4 methyltransferases of the KMT2 family that are known 

to be associated with neurological diseases, but the knowledge level differs 

regarding the importance of each enzyme in brain development. A rather 

unknown member is histone lysine methyltransferase 2 E (KMT2E), also known 

as mixed-lineage leukemia 5 (MLL5). 

KMT2E is located at position 104,940,948-105,115,018 on the positive strand of 

chromosome 7 according to human chromosome annotation 19 (hg19, Figure 

4). KMT2E covers 174,070 bp, including 27 exons (UCSC Genome browser 

(2013), UCSC, accessed 14 February 2020, < https://genome.ucsc.edu 

/index.html>). It is translated into a !  200 kDa protein of 1858 amino acid residues 

(M. Ali, 2013) and, in accordance with other KMT2 family members, it contains 

two functional domains (Emerling et al. 2002): a N-terminal plant homeodomain 

(PHD) zinc finger and a central Su(var) 3-9, enhancer of zeste, trithorax (SET) 

domain.
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*41,'0./& (.53.0+.(& M.9.& .7,:'0./& H*9& ,>9..:.01& M'12& 12.& (.53.0+.& *H& 12.&

9.(8.+1'G.&(>UZOF&K0&+,(.&*H&,&8*('1'G.&9.(3)1?&12.&+*99.(8*0/'0>&+)*0.&M,(&3(./&
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,88)6'0>& ,0& .).+19'+,)& H'.)/& G.91'+,)& 1*& 12.& A=APXO^%& >.)F&#2.& >.)& ,0/&

0'19*+.))3)*(.&:.:49,0.&M.9.&8),+./&4.1M..0&H')1.9&8,8.9 &'0&, &4)*11'0>&+,((.11.F&

#2.&89*1.'0(&4'0/&*0&12.&0'19*+.))3)*(.&:.:49,0.& '0&12.&(,:.& 8,11.90&,(&*0&12.&

A=APXO^%&>.)&/3.&1*&26/9*82*4'+&'01.9,+1'*0(F&L*M.G.9?&12.&89*1.'0(&4'0/&:*9.&

(19*0>)6&1*&12.&0'19*+.))3)*(.&:.:49,0.&12,0&12.&>.)?&:,I'0>&'1&:*9.&(3'1,4).&H*9&

H3912.9&:.12*/(F&

#2.&4)*11'0>&43HH.9&+*0('(1./&*H&$Bd&*H&:.12,0*)?&EFBE>_)&*H&#9'(&,0/&DCFCD&>_)&*H&

>)6+'0.F&#2.&4)*1&M,(&930&,1&DDB&l&H*9&RB&:'0F&&

F-2/&0$' ?30"2"2#'A,02 2$%'&3'0.*')^^^C'

O&X*0+.,3&(1,'0&M,(&3(./&1*&+2.+I&M2.12.9&12.&89*1.'0&19,0(H.9&M,(&(3++.((H3)F&

K1& (1,'0(& 89*1.'0(& ,(& 9./& 4,0/(& ,>,'0(1& ,& +).,9& 4,+I>9*30/F& #2.& (1,'0'0>& '(&

9.G.9('4).& ,0/& ,))*M(& H3912.9& '::30*)*>'+,)& /.1.+1'*0& :.12*/(F& #2.&

0'19*+.))3)*(. &:.:49,0.&M,(&+*G.9./&'0& 12.&X*0+.,3&(1,'0&H*9&V&:'0F&OH1.9M,9/(?&

12.&X*0+.,3&(1,'0&M,(&9.:*G./?&12.&9./&89*1.'0&4,0/(&.G,)3,1./&,0/&M,(2./&

*HH&M'12&#WA&9.8.,1./)6&301')&12.&+*)*9&H,'01./ F&

H>>$2&'/-.-%"2# &

OH1.9M,9/(?&12.&0'19*+.))3)*(.&:.:49,0.&M,(&'0+34,1./&M'12&Vd&WAO&1*&(,139,1.&

(398)3(& 4'0/'0>&8*('1'*0( &,0/& 89.G.01& 30(8.+'H'+& ,01'4*/6& 4'0/'0>F&S*9& 12'( &

8398*(.?&WAO&M,(&,//./&1*&D7&#WAF&Z.71?&12.&89':,96&,01'4*/6&O01'PL'(1*0.&E&

,0/& .'12.9& O01'PL'(1*0. EP:*0* :.126),1'*0 !C & ;LE!C:.D< ?& O01'PL'(1*0. EP

/':.126),1'*0 !C &;LE!C:.$<& *9&O01'PL'(1*0. EP19':.126),1'*0 !C &;LE!C:.E<& M,(&

,//./& Dh&D&BBB&1*&12.&Vd&WAO&(*)31'*0 &,0/&'0+34,1./& H*9&,1&Ct@&H*9&CV&:'0F&#2.&

,01'4*/6&,>,'0(1& LE&(.9G.(&,(&,&)*,/'0>&+*019*)&4.+,3(.&'1&.7'(1 (&.G.0)6&'0&,))&

(,:8).(&M2.9.,(&12.&,01'4*/ '.( &LE!C:.D?&LE!C:.$&*9&LE!C:.E&,9.&/'9.+1./&

,>,'0(1&12.&89*1.'0&*H&'01.9.(1F&OH1.9M,9/(?&12.&Vd&WAO&(*)31'*0&+*01,'0'0>&4*12&

12.&,01'4*/6&,>,'0(1&12.&89*1.'0&*H&'01.9.(1&,(&M.))&,(&12.&,01'4*/6&,>,'0(1&12.&

30'H*9:& .7'(1'0>& 89*1.'0&M,(& 9.:*G./& ,0/& 12.& 0'19*+.))3)*(.& :.:49,0.& M,(&

M,(2./&M'12&#WA#&129..&1':.(&H*9&V&:'0F&OH1.9&Vd&WAO&2,/&4..0 &(*)G./&'0&#WA#?&

12.&(.+*0/,96& H)3*9.(+.01&:,9I./& ,01'4*/6&M,(&,//./ &Dh&DB&BBB&1*&12.&(*)31'*0F&

K1& '(& +*0J3>,1./& M'12& H)3*9*82*9.& ,0/& 4'0/(& 1*& 12.& 2.,G6& +2,'0& *H& 12.& 89':,96&
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,01'4*/'.(?& G'(3,)'-'0>& 12.& 1,9>.1& 89*1.'0& ,0/& )*,/'0>& +*019*)F& #2.& (.+*0/,96&

,01'4*/6 &M,(&'0+34,1./&M'12&12.&0'19*+.))3)*(.&:.:49,0.& H*9&CV&:'0F&#2.0&12.&

(.+*0/,96& ,01'4*/6& (*)31'*0& M,(& 9.:*G./? &,0/& 12.& 0'19*+.))3)*(.& :.:49,0.&

M,(2./&M'12&#WA#&129..&1':.(&H*9&V&:'0F&S'0,))6?&12.&0'19*+.))3)*(.&:.:49,0.&

M,(&M,(2./&M'12&#WA&49'.H)6F&#2.&89*1.'0&*H&'01.9.(1?&.F>"&:*0*:.126),1./&)6('0.&

C&*H&2'(1*0.&E?&M,(&/.1.+1./&46&*39&YKP@aUF&

7*L*\' ,"->&3%"/'0 20.I?"?

7*L*\*) ' J :6 YFG:

K0&12.&5U#PX@U?&12.&/,1,&*41,'0./&H*9&12.&.0/*>.0*3(&+*019*)&>.0.(&;AE,MN?&

EN1&OPQ?&GAL9: <&M,( &H'9(1&(34J.+1./&1*&,0&,0,)6('(&*H&G,9',0+.&;OZalO<&3('0>&

12.&H*))*M'0>&:*/.)&;A0./.+*9&DNQB<h&

&& & & ;D<&

M2.9.&&

& '(&12.&E1"G,)3.&*4(.9G./&*0&9.8)'+,1.& &H*9&>.0. &'0&.0196&&'0&9.8)'+,1'*0&

&

&& 12.&>.0.9,)&:.,0 &

&& 12.&.HH.+1&*H&9.8)'+,1.&?& &

& 12.&.HH.+1&*H&>.0.?& &

{ & 12.&.HH.+1&*H&.0196&?&M2.9.& &9.H.9(&1*&M')/168.&;T#<&D&1*&T#V&,0/&

&1*&I 0*+I*31&;!a< D&1*&!aV&&

& 12.&'01.9,+1'*0&.HH.+1&*H&>.0.&M'12&9.8)'+,1.&&

& 12.&'01.9,+1'*0&.HH.+1&*H&.0196&M'12&9.8)'+,1.&&

& 12.& .78.9':.01,)& .99*9& *H& 12.&&:.,(39.:.01& *H& >.0. &'0& .0196&&'0&

9.8)'+,1.& &

O))&1.9:(&'0&12'(&:*/.)&M.9.&,((3:./&1*&4.&H'7./&.HH.+1(&.7+.81&12.&.99*9&1.9:&

&M2'+2&M,(&,((3:./& 1*&4.&'0/.8.0/.01)6&/'(19'431./&;''/ <&M'12& F&

!"#$ ! " # !" "# !"#$% & ' ( &' '(µ != + + + + + +

!"#$% ! ! !

!

µ

!" ! !"#"$! =
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W6&3('0>&12.&1.(1&*H&O0(+*:4.&,0/&#3I.6&;#3I.6&DNRE<?&M.&/.1.+1./&*0.&*31)'.9&

M2'+2&M,(&19.,1./&,(&,&:'(('0>&G,)3.&H*9&+,)+3),1'0>&).,(1&(53,9.(&.(1':,1.(&*H&

F&

S*9&.,+2&1,9>.1&>.0.& ;.FRMQ?&:!LG- ?&R12$=Q?&RB,R ?&L9.AP ?&!ERPM <?&12.&

,/J3(1./& E1&G,)3.(& &;*41,'0./& 46& (3419,+1'0>& 12.& :.,0(& &*H& 12.&

.0/*>.0*3(& +*019*)(& H9* :& 12.& *9'>'0,)&E1&G,)3.(<& M.9.& (34J.+1& 1*& ,& (':'),9&

OZalO&,(&H*9&%78.9':.01&D&3('0>&12.&H*))*M'0>&:*/.)h&

&?&& & & & & & ;$<&

M2.9.& &,0/& &,9.& /.H'0./& ,(& '0& %5F& ;D<& ,0/&&'(& ''/& M'12& F&

S*))*M'0>&%78.9':.01&D?&M.&,((3:./& &H*9&&z&D?&{V&;T#&>.0*168.(<&

,0/& H*9&&z& R?& {DB& ;!a& >.0*168.(<F& @2.+I'0>& H*9& *31)'.9(& ,0/&

2*:*>.0.'16&*H&12.&G,9',0+.(& &,0/& &,0/&+,)+3),1'0>&.(1':,1.(&*H& &,0/&

&M'12&+*99.(8*0/'0>& (1,0/,9/& .99*9(& M,( &8.9H*9:./& ,(& /.(+9'4./& ,4*G.F&

S'0,))6?& 12.& 03))& 268*12.('(& &M,(& 1.(1./& M'12& ,& 1M*P('/./& 1 P1.(1& M'12& Q&

/.>9..(&*H&H9../*: &;A0./.+*9&DNQB<F&

S9*:& 12.& :.,0( &?& M.& +,)+3),1./& 12.& 9.),1'G.& 53,01'H'+,1'*0& ;Us<& *H& >.0.&

.789.(('*0& &,++*9/'0>&1*&;e3,0&.1&,)F&$BBR<F&#2.(.&G,)3.(&M.9.&(34J.+1&1*&,0&

OZalO&3('0>&12.&(,:.&:*/.)&,(&'0&%5F&;D<&,0/&,88)6'0>&.7,+1)6&12.&(,:.&1.(1(&

,(&/.(+9'4./&,4*G.F&S*9&>9,82'+,)&9.89.(.01,1'*0?&12.&Us&G,)3.(&M.9.&9.P(+,)./&

46&12.&:.,0&G,)3.&*H&12.&T#&>.0*168.(F&

& &
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7*L*\*7' g&?3&%2'B.-33"2#

K0&%78.9':.01&D?&.,+2&M')/168.&;T#<&,0/&I0*+I*31&;!a<&>.0*168.&M,(&,0,)6-./&

H*9& 12.& .789.(('*0& ).G.)& *H& ;'<& ,& +*019*)& 89*1.'0& ;:Q# 81)/(07<& ,0/& ;''<&12.&129..&

89*1.'0(&*H&'01.9.(1&;LE!C:.D?&LE!C:.$?&LE !C:.E <F&&

S*9&.,+2&89*1.'0& &; <?&,0&OZalO&M,(&+*0/3+1./&M'12&0*9:,)'-./&

G,)3.(&*H&12.&9,1'*& &3('0>&12.&H*))*M'0>&(1,1'(1'+,)&:*/.)h&&

'' Z' ' ' ' ' ' ;D<'

M2.9. &

&& '(&12.&/,1,&8*'01&H*9&1.+20'+,)&9.8)'+,1.&&*H&.0196&&

&& 12.&>.0.9,)&:.,0 &

&& 12.&.HH.+1&*H&1.+20'+,)&9.8)'+,1.&?& &

{ & 12.&.HH.+1&*H&.0196&?&M2.9.& &9.H.9(&1*&T#D&1*&T#E&,0/& &1*&

!aD &1*&!aE&&

& 12.&.78.9':.01,)&.99*9&*H&1.+20'+,)&9.8)'+,1.&&*H&.0196&&

T2').& 12.& .HH.+1&&M,(& 19.,1./& ,(& H'7./?& ,))& *12.9& .HH.+1(& M.9.& +*0('/.9./& ,(&

9,0/*:&M'12& &4.'0>&''/&M'12& &H*9& &,0/& &H*9&

?& ,0/& &''/& M'12& F& S'9(1?& M.& 8.9H*9:./& ,0& *31)'.9& 1.(1&

,++*9/'0>&1*&O0(+*:4.&,0/&#3I.6&;DNRE<?&431&0*&*31)'.9&M,(&/.1.+1./F&A.+*0/?&

,H1.9&+2.+I'0>&H*9&2*:*>.0.'16&*H&12.&G,9',0+.(&&,0/& &M'12&,0&SP1.(1?&M.&

*41,'0./&).,(1&(53,9.(&;YA<&.(1':,1.(&*H& &,0/& &M'12&+*99.(8*0/'0>&(1,0/,9/&

.99*9(F&S'0,))6?&12.&03))&268*12.('(& &M,(&1.(1./&3('0>&,&1M*P('/./&1 P1.(1&M'12&

C&/.>9..(&*H&H9../*:F&S*9&>9,82'+,)&9.89.(.01,1'*0?&,))&9.(3)1(&M.9.&9.P(+,)./&46&

12.&:.,0&G,)3.&*H&12.&T#&>.0*168.(F& &
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L*' :&?$.3 ?

L*) ''' d&2&3"/'02;'/."2"/0.';030'-1 '-$%'=03"&23

#2.&8,1'.01&(13/'./&2.9. &;)'(1./&,(&8,1'.01&$&'0&12.&H*))*M'0><&M,(&'0+)3/./&'0&,&

>.0.1'+& (13/6& ,4*31& 2.1.9*-6>*3(&*+,-. &G,9',01(& M'12& E] &*12.9& 8,1'.01(&

;af=*00.)) PY39',& .1& ,)F& $BDN<F& #2.& (13/6& M,(& +*0/3+1./& 46& ,0& '01.90,1'*0,)&

+*0(*91'3: &1*&M2'+2&*39&M*9I'0>&>9*38&+*019'431./F&#2.&G,9',01(&M.9.&,((.:4)./&

129*3>2&12.&̂ .0.",1+2.9 &0.1M*9I(& 12.& ",1+2:,I.9& %7+2,0>.& Z.1M*9I& ,0/&

"6^.0.&$&H9*:&A.81.:4.9&$BDR&1*&O3>3(1&$BDQF&#2.&>.0.1'+&,0/&+)'0'+,)&/,1,&

*H&*39&8,1'.01&+,0&4.&H*30/&'0&S'>39.D?&#,4).D&,0/&#,4).&A$&*H&12.&8,8.9F&

L*7''' N$//&??1$.'0==."/03"-2'-1 'G:HNF:RG0?^'"2'S847^L'/&..'."2&?

#2.&*+,-. &G,9',01(&*H&I0*M0&8,1'.01(&M.9.&:*/.))./& (3++.((H3))6&'0&L%!$NE&

+.))(&3('0>&12.&@UKAXU_@,(N&:.12*/ F&

L*7*)' K&?"#2'-1'?#:WO '"2'/.-?& '=%-X">"3I'3-'3@&'<0%"023?'-1'3@%&&'=03"&23?'

O&(>UZO?&1,9>.1'0>&12.&9.>'*0&*H&12.&G,9',01?&M,(&H'9(1&(3++.((H3))6&/.('>0./&

M'12&++1*8&;;00MYZZ0--%/=(#'-"# =#'(&'##$&'(9-$( <F&#2'(&1**)&(3>>.(1./&12.&H*))*M'0>&

(>UZO(&'0&+)*(. &,>9..:.01 &M'12'0&12.&8,1'.01( j&G,9',01(&A!"#$%&')9 CF&

&

&

!"#$%

!"#$%&

!"#$%&'()$*+,-' .,/

!""

.0)1&102'034"&1%2&5) 6"#1"2&

'()*+%,-./-$0- 7' CATCATTCACACAGTTACAT
!1120304%'0#5-%#1%6)7,8)39-5: ;<=>%?-@2/?

AB2(#%C325%D29E%FG-"9-$'2#$%1#5D35@:%CACCGCATCATTCACACAGTTACAT
AB2(#%C325%D29E%F!'/H'929/92#$%1#5D35@: AAACATGTAACTGTGTGAATGATG

!"#$%&#' ( )*+ , - -./& 0123'45 6%78193+:; <4=%;>?@0A

! !! GTAGAAGCTAGCCCTGTGGTAGTTGAGAAATCCAACAGTTATCC
CCACCAGTTATATACCAGCAGCTCACATCATTCACACAGTTACATTGG
TTTGCCCTATGCGÉ.. " !
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!"#$%
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'()*+%,-./-$0- 7' AGTTTCATCAAAATTAGGAG
!1120304%'0#5-%#1%6)7,8)39-5: ;<=>%?-@2/?

AB2(#%C325%D29E%FG-"9-$'2#$%1#5D35@:%CACCGAGTTTCATCAAAATTAGGAG 
AB2(#%C325%D29E%F!'/H'929/92#$%1#5D35@: AAACCTCCTAATTTTGATGAAACTC

!"#$%&#'()'*+,(-'-./&'01'23(456%781'93,:;<0=%>?@A(B

! !! TTCCCCTCCATCAGTCCTTATTAGCAAAAATGAAGTAGGCATATTT
ACCACTCCTAATTTTGATGAAACTTCCAGTGCTACTACAATCAGCACAT
CTGAGGATGGAAGTTATGGTACTGATGTAACCAGGTGCATATGTGGTTT
TACACATGATGATÉ.. " !

!"#$%

!"#$%&&

!"#$%&'()$*+,-'

!""

./)0&0/1'/2' 3"&0%1&4) 5"#0"1&

'()*+%,-./-$0- 6' GGGGCACAATGTATTCTTCC
!1120304%'0#5-%#1%6)7,8)39-5: ;<=>%?-@2/?

AB2(#%C325%D29E%FG-"9-$'2#$%1#5D35@:%CACCGGGGCACAATGTATTCTTCC
AB2(#%C325%D29E%F!'/H'929/92#$%1#5D35@: AAACGGAAGAATACATTGTGCCCC

!"#$%&#' ( )*+ , - -./& ,, 012'345 6%78092+:9 3;<= >7?@AB,

!

.,7

! !! CAGGGCTGAGCCCAACAGCCAACTGGACTCGACTCACTCTGG
ACGGGGCACAATGTATTCTTCCTGGGTAAAGAGCCCTGACAGAAC
AGGAGTTAACTTCTCAGTGAACTCCAACTTÉ.. " !
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!"#$%&'QW')-1$-++B'2&/"#1&2'//cFG'4*%'YFS '
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cgactcactctggacggggcacaatgt att ct ta tgcg taa agagccatggcagaacagga
gttaacttctc        #$%&$'(!!!!!!!!!!!! 
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:*9.&9.)',4).?&4.+,3(.&'1&/*.(&0*1&./'1&12.&1,9>.1&(.53.0+.&431&/'(8),+.(&=ZO&

,0/&.0,4).(&((a=Z&1*&,00.,)&1*&'1(&+*:8).:.01,96&(.53.0+.?&,)(*&9.(3)1'0>&'0&

(3++.((H3)&L=UF&@,1,)61'+&'0,+1'G.&@,(N&2,(&:31,1'*0(& ' 0&12.&LZL&,0/&U3G@&

/*:,'0F&K0&9.1390?&@,(N&0'+I,(.&2,(&*0)6&*0.&:31,1'*0&'0&*0.&*H&4*12&/*:,'0(&

,0/&+).,G.(&*0.&(19,0/&*H&12.&1,9>.1&(.53.0+.?&/.8.0/'0>&*0&M2'+2&/*:,'0&'(&
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:31,1./& ; U'+2,9/(*0& .1& ,)F& ;$BDR<F&b('0>& 0*9:,)& *9& +,1,)61'+& '0,+1'G.&@,(N&

03+).,(.&M'12&12.&ZP1.9:'0,)&H3(./&8,91&*H&@1KX&+*3)/&2,G.&4..0&,&H3912.9&*81'*0F&

#2.&H3(./&@1KX&M.9.&/'9.+1./&1*&12.&('1.&*H&12.&/*34).P(19,0/&49.,I&,0/&'0/3+./&

L=U?&4.+,3(.&'1&'(&,&I.6&89*1.'0&H*9&12'(&:.+2,0'(:&;@2,98.01'.9&.1&,)F&$BDQ<F!

#2.&12'9/&'((3.&M,(&12.&30(3++.((H3)&2.1.9*-6>*3(&'0+*98*9,1'*0&*H&12.&!"#$%&

8,1'.01& G,9',01(?& ,& +*::*0& 89*4).:& .0+*301.9./& '0& :*/.)'0>& 2.1.9*-6>*3(&

23:,0&/'(*9/.9(& ;%,3@),'9.&,0/&T.44&$BDN<F&#2'(&'((3.&2,(&4..0&'0G.(1'>,1./&

46&(.G.9,)&9.(.,9+2.9(&M2*&H*30/&G,9'*3(&(19,1.>'.(&1*&*G.9+*:.&12'(&+2,)).0>.F&

a0. &(19,1.>6&H*9&'0(.91'0>&2.1.9*-6>*3(&:31,1'*0(&M'12&@UKAXU_@,(N&'(&3('0>&

:'7./&((a=Z(&*H&.53':*),9&+*0+.019,1'*0?&M2.9.&2,)H&*H&12.&1.:8),1.(&2,G.&12.&

/.('9./&:31,1'*0&,0/&2,)H&2,G.&12.&T#&(.53.0+.F&&

#2.(.& 129..& (19,1.>'.(& +*3)/& 4.& '0G.(1'>,1./& H*9&12.& 8398*(.& *H&>.0.9,1'0>&

2.1.9* -6>*3(&!"#$%&G,9',01(&'0&H3139.&.78.9':.01(F

M*)*M' b$0."3I'/-23%-.'-1':WO YN&JZ'J:6 YFG:'02;'g&?3&%2'B.-33"2#

K0&*9/.9&1*&*81':'-.&53,)'16&+*019*)&'0&12.&UZOPA.5?&12.&1.+20'+,)&G,9',1'*0&M,(&

:'0':'-./&46&89.8,9'0> &,))&(,:8).(&(':3)1,0.*3()6&,0/&/')31 '0>&12.: &1*&12.&(,:.&

+*0+.019,1'*0F&W*12&.78.9':.01,)&>9*38(&M.9.&),1.9&930&*0&12.&(,:.&(.53.0+'0>&

),0.F& A.8,9,1.)6& 89.8,9./& 4'*)*>'+,)& 9.8)'+,1.(& M.9.& +2*(.0& H*9& .,+2&

.78.9':.01,)&>9*38&'0(1. ,/&*H&8**)./&4'*)*>'+,)&9.8)'+,1.(&4.+,3(.&12.&4'*)*>'+,)&

G,9',0+.& M,(& .78.+1./& 1*& 4.& )*M& '0& 12'(& (.1P38& ;G(F& 8*(1P:*91.:& *9& +)'0'+,)&

(,:8).(<F&T.&+2*(.&1M* P8,'9./&.0/&(.53.0+'0>&4.+,3(.&12'(&6'.)/(& ,&>9.,1.9&

/.812&,0/&'0+)3/.(&12.&).0>12&*H&12.&89*/3+1&'0&12.&,)'>0:.01?&M2'+2&'0+9.,(.(&

+*G.9,>.& ,0/& ':89*G.(& 53,)'16F& #23(?& '1& 89*G'/.(& :*9.& '0H*9:,1'*0& ,4*31&

19,0(+9'81&G,9',01(&12,0&12.&('0>).&(19,0/ &(.53.0+'0>&:*/. F&

S*9& 12.& 5U#PX@U?& :,06& '01.9G.0'0>& (1.8(&M.9.& H*))*M./& ,++*9/'0>& 1*& 12.&

'01.90,1'*0,)&"Ks%&>3'/.)'0.(& 1*&.7+)3/.&:'(1,I.(&,0/& 1*&+2.+I&H*9&'01.9':&9.(3)1(&

1*&.0(39.&12.&53,)'16&*H&12.&9.+.'G./&/,1,&;W3(1'0&.1&,)F&$BBN<&4.+,3(.& 5U#PX@U&

'(&,&G.96&(.0('1'G.&:.12*/&431&89*0.&1*&9,0/*:&,0/&(6(1.: ,1'+&.99*9&;#,6)*9&.1&

,)F&$BDN<F&
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#2.& H'G.& :,'0& +,1.>*9'.(& *H& .99*9(& '0& T.(1.90& 4)*11'0>& M.9.&+2.+I./& '0&

19*34).(2**1'0>&1*&.0(39.&2'>2.(1&53,)'16&*H&12.&*41,'0./&/,1,F&@*::*0&(*39+.(&

*H&.99*9(&'0+)3/. &303(3,)&4,0/(&/3.&1*&89*1.,(.&/.>9,/,1'*0?&2'>2&G*)1,>.&*9&,'9&

4344).(&89.(.01&/39'0>&19,0(H.9&1*&12.&>.)&*9&,0&.7+.(('G.)6&)*M&9.('(1,0+.&*H&12.&

>.)&;",2:**/&,0/&e,0>&$BD$<

M*7'G->=0%"?-2'-1'%&?$.3?'["3@'."3&%03$%&'-2'!"#$%

M*7*)' :WO YN&J

O&/'HH.9.01',)&>.0.&.789.(('*0&,0,)6('(&*H&12.&UZOPA.5&/,1,&4.1M..0&12.&*+,-. &

T#&,0/&!a&+.))(&9.G.,)./&EB&>.0.(&M2'+2&M.9.&/'HH.9.01',))6&.789.((./&46&,&BFEP

H*)/&+2,0>.&,1&12.&X&@"BFBV&('>0'H'+,0+.&).G.)F&X9.G'*3(&,0,)6(.(&*H&>.0*:'+ P

M'/.&!"#$%&*++38,0+6&,0/&!"#$%&I0*+I/*M0&M'12&(2UZO&'0&:6*4),(1&+.))(&

(2*M./&12,1&!"#$%&8),6(&,&9*).&'0&:3)1'8).&+.))&89*+.((.(& (3+2&,(&+.))&+6+).?&

/'HH.9.01',1'*0&,0/& >.0.& .789.(('*0 &;A.4,(1',0& .1& ,)F& $BBNc& O)'& .1& ,)F& $BDE<F&

#2.9.H*9.?&'1&M,(&0*1&(3989'('0>&12,1&12.&*+,-. &I0*+I*31 &9.(3)1./&'0&,&:*/'H'./ &

19,0(+9'81*:.F&&

L*M.G.9?&12.&:.+2,0'(:(&4.2'0/&12'(&*4(.9G,1'*0&,9.&(1'))&.)3('G.&431&89.G'*3(&

(13/'.(&9.8*91./&12.&H*))*M'0>&*4(.9G,1'*0(F&O&=,:K=&(13/6&(2*M./&12,1&!"#$%&

4'0/(&1*&DV?BBB&>.0*:'+&9.>'*0(&,0/&DE?BBB&>.0.(&'0&:6*4),(1(?&.(8.+',))6&1*&

19,0(+9'81'*0,)&(1,91'0>&('1.(&,0/&@8 P̂'(),0/(&M2'+2 ?&H*9&12.&:*(1&8,91?&:,1+2&M'12&

89*:*1*9(& ;O)'&.1&,)F&$BDE<F&#2.&(13/6&,)(*&+*:8,9./&12.&!"#$% P4'0/'0>&('1.(&

M'12&UZOP8*)6:.9,(. P4*30/&89*:*1*9&9.>'*0(&,0/&H*30/&,&2'>2&+*0('(1.0+6&*H&

RRd& 4.1M..0& UZOP8*)6:.9,(. P4*30/& ,0/& !"#$% P4*30/& )*+,1'*0(F& UZOP

8*)6:.9,(. P4*30/&89*:*1 * 9(&,9.&,&('>0&*H&,+1'G.)6&19,0(+9'4./&>.0.(F&O0*12.9&

'0/'+,1*9&*H&!"#$%[(&9*).& '0&>.0.&.789.(('*0&'(&12.&H,+1&12,1&!"#$%&4'0/(&1*&

89*:*1*9(& M2'+2& +*01,'0& :,9I(& *H& ,+1'G.)6& 19,0(+9'4./& 9.>'*0(?& '0+)3/'0>&

LE!C:.E?&LE!C:.$&,0/&LE!N,+&431&0*1&1*&89*:*1*9(&M2'+2&+*01,'0&:,9I(&*H&

,+1'G.)6& 9.89.((./& 9.>'*0(& (3+2& ,(&LE!N:.EF &S9*:& 12.(.& (13/'.(?& '1& +,0& 4.&

+*0+)3/./&12,1&!"#$%&*0)6&4'0/(&1*&12.&89*:*1*9(&,0/&19,0(+9'81'*0&(1,91'0>&('1.(&

*H& ,+1'G.)6& 19,0(+9'4./& >.0.(& ,0/& 89*4,4)6& 8),6(& ,0& ':8*91,01& 9*).& '0& >.0.&

.789.(( '*0F&L.0+.?&12.(.&(13/'.(&,9.&'0&,++*9/,0+.&M'12&*39&H'0/'0>&*H&/'HH.9.01&

>.0.&.789.(('*0&4.1M..0& *+,-. &!a&,0/&T#&L%!$NE&+.))(F&
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#2.&:.+2,0'(:&2*M&!"#$%&4'0/(&1*&2'(1*0.(&'0&,+1'G.)6&19,0(+9'4./&9.>'*0(&'(&

,)9.,/6&30/.9(1**/& ;O)'&.1&,)F&$BDE<F&!"#$%&'(&9.+93'1./&1*&.3+29*:,1'+&9.>'*0(&

/*M0(19.,:& *H&19,0(+9'81'*0,)& (1,91'0>&('1.(& *H& ,+1'G.&>.0.(&G',& ,&9,9.&4'0/'0>&

:.+2,0 '(:& *H& #9681*82,0& TDCD& ,0/& O(8,91,1.&=D$Q&*H& 12.& XL=& H'0>.9& 1*&

LE!C:.E&/.(8'1.&,&),+I&*H&+,1,)61'+&,+1'G'16F&K0&>.0.9,)?&XL=&H'0>.9(&,+1&,(&,0&

.HH.+1*9&'0&+29*:,1'0P9.:*/.)'0>&89*1.'0(&46&9.+93'1'0>&19,0(+9'81'*0&H,+1*9(&,0/&

03+).*(*:. P,((*+',1./& +*:8).7.( & 1*& +29*:,1'0& 129*3>2& 4'0/'0>& 2'(1*0.&

8.81'/.(& ;"3((.):,0&,0/&!31,1.),/-.&$BBN< F&!"#$%&'(&9.).,(./&,>,'0& 129*3>2&

12.&82*(82*96),1'*0&*H&LE#E&,0/&LE#R?&,&:.+2,0'(:&*4(.9G./&'0&:'1*1'+&+.))(&

M2'+2&'0/'+,1.&12,1&12.&9.).,(.&*H&!"#$%&H9*:&,+1'G.&>.0.(&8),6(&,0&':8*91,01&

9*).&129*3>2*31&:'1*('(&,0/&/.G.)*8:.01F&#2.&':8*91,0+.&*H&12'(&:.+2,0'(:& '(&

(388*91./&46&12.&H,+1&12,1&12'(&:.+2,0'(:&'(&+*0(.9G./&'0&12.&*+,-. &/9*(*82'),&

*912*)*>&U3!., &;U'0+*0 PO9,0*&.1&,)F&$BD$<F&

#2. &+*0(.9G,1'*0&*H&12'(&:.+2,0'(:&+*3)/&(3>>.(1 &12,1&!"#$%&8),6(&,&(':'),9&

19,0(+9'81'*0,)& 9*).&,( &'1(& *912*)*>3.&b8A%#F&L*:*)*>*3(& >.0.(& 2,G.& 4..0&

'/.01'H'./&'0&19,0(+9'81'*0P,((*+',1./&/.,+.16),(.&U/8_A'0E9.89.((*9&+*:8).7.(&

;U'0+*0 PO9,0*&.1&,)F&$BD$c&X'J0,88.)&.1&,)F&$BBD<F&K1&2,(&4..0&/.:*0(19,1./&12,1&

12.6&I..8&,&1'>21&+29*:,1'0&+*0H'>39,1'*0&,9*30/&,+1'G.)6&19,0(+9'4./&>.0.(&46&

/.+9.,('0>&LE!N&,0/&LC!DR&,+.16),1'*0& ,(&M.))& ,(&LE!C:.D& ,0/&LE!C:.$&

:.126),1'*0F&#23(?&12.6&(3889.((&12.&>.0.&,+1'G,1'*0&*H&(').01&0.'>24*9'0>&>.0.(&

,9*30/& 12.'9& 1,9>.1& >.0.(F& S*9& .7,:8).?& b8A%#& '01.9,+1(& M'12& 2'(1*0.&

/.,+.16),(.(&1*&9.>3),1.&*8.0&+29*:,1'0&,0/&,/J3(1&>.0.&.789.(('*0& ;X'J0,88.)&

.1&,)F&$BBD<F&#2.&9./3+1'*0&*9&)*((&*H&b8A%#&,)1.9(&12.&+29*:,1'0&,9+2'1.+139.&*H&

89*:*1*9(?&'0+)3/'0>&12.&49*,/.0'0>&*H&LE!C:.E?&,0/&).,/(&1*&,0&389.>3),1'*0&

*H&*HHP1,9>.1&>.0.(&;A2.0&.1&,)F&$BDCc&U'0+*0PO9,0*&.1&,)F&$BD$<F&!"#$%&M,(&

,)9.,/6& (2*M0&1*&4.&8,91&*H&12.&2'(1*0.&/.,+.16),(.&+*:8).7&P̀@*U&M2'+2&4'0/(&

1*&,+1'G.&>.0.(&,0/&.0(39.( &89*8.9&>.0.&,+1'G,1'*0&;!'11).9&.1&,)F&$BB]<F&L.0+.?&

12.&/'HH.9.0+.(&'0&>.0.&.789.(('*0&4.1M..0&12.&!"#$%&!a&,0/&T#&L%!$NE&+.))&

)'0.(&+*3)/&4.&.78),'0./&46&!"#$% [(&9*).&'0&12.&2'(1*0.&/.,+.1 6), (.&+*:8).7&

,0/&9.89.(.01&(3+2&*HHP1,9>.1&>.0.( F&
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!"#$%& M,(& ,)(*& H*30/& 1*& '02'4'1& 12.& /.:.126),(.& YA=D& ,0/&

:*0*:.126)19,0(H.9,(.&A%#]_N& ;A.4,(1',0&.1&,)F&$BBN<F&W6&'02'4'1'0>&YA=D?&12.&

,:*301& *H& LE!C:.$& '0+9.,(.(?& M2'+2& '0/'+,1.( &,+1'G.& 19,0(+9'81'*0& ('1.(F& W6&

'02'4'1'0>&A%#]_N?&12.&,:*301&*H&LE!C:.D&/.+9.,(.(?&M2'+2&'0/'+,1.( &9.89.((./&

19,0(+9'81'*0&('1.(F&#29*3>2&12.&+*019*)&*H&12.(.&2'(1*0.&:*/'H6'0>&>.0.(?&!"#$%&

+*3)/&,HH.+1&LE!C&:.126),1'*0&'0/'9.+1)6&;A.4,(1',0&.1&,)F&$BBN<F&#2'(&*4(.9G,1'*0&

+*3)/&(3>>.(1&12,1&,&!"#$%&I0*+I*31&)*M.9(&>.0.&.789.(('*0&'0&>.0.9,)&/3.&1*&

12.&),+I&*H&,+1'G.&2'(1*0.&:,9I.9(&,0/&,430/,0+.&*H&'0,+1'G.&2'(1*0.&:,9I.9(F&

#2'(&19.0/&+,00*1&4.&9.+*>0'-./&H9*:&*39&UZOPA.5&/,1,&4.+,3(.&12.&!"#$%&

I0*+I*31&'(&)'I.)6&1*&'0H)3.0+.&*12.9&9.>3),1*9(&*H&>.0.&.789.(('*0F &

*-%83 `'02'ONK'/02;";03&'#&2& '

X2*(82*/'.(1.9,(.&CO&; L9.PA <&M,(&H*30/&1*&4.&('>0'H'+,01)6&2'>2.9&.789.((./&

'0&!a&+.))(&12,0&'0&T#&+.))(&*H&!"#$%&L%!$NE&,0/&M,(&G,)'/,1./&'0&12.&5U#P

X@U&;Lz&BFBV<&A60B.&'\ Z'!"#$%&'7^CF&#2'(&>.0.&'(&8,91'+3),9)6&'01.9.(1'0>h&L9.PA &

'(&,&82*(82*/'.(1.9,(.&,0/&4.)*0>(&1*&12.&X=%&H,:')6F&K1&+*019*)(&12.&).G.)(&*H&

+O"X&46&26/9*)61'+&/.>9,/,1'*0?&,&I.6&+.))3),9&(.+*0/&:.((.0>.9&M2'+2&+*019*)(&

,&G,9'.16&*H&+.))&H30+1'*0(&(3+2&,(&82,>*+61*('(& ;A.9.-,0'&.1&,)F&$BBQ<F&L9.PA &

2,(& ,)9.,/6& 4..0& /.(+9'4./& '0& (60,81'+& 8),(1'+'16?& :.:*96& ,0/& +*>0'1'*0&

89*+.((.(& ;e.?&q,+I(*0?&,0/&af=*00.))&$BBB<F&O++*9/'0>&1*&12.&L3:,0&X9*1.'0&

O1),(?&X=%CO&'(&:*(1&2'>2)6&.789.((./&'0&12.&49,'0&,0/&(.+*0/&2'>2)6&.789.((./&

'0&12.&1.(1'(F&&

L9.PA &2,(& ,)9.,/6& 4..0& +*00.+1./& 1*& 0.39*)*>'+,)& /'(.,(.(F& K0& ,0& .7*:. P

(.53.0+'0>& (13/6?& *0.& 8,1'.01& 2,/& ,&/%# 01'1&L9.PA &G,9',01?& M2'+2& M,(&

,((*+',1./& M'12& OA= &,++*9/'0>& 1*& O31'(:& !W?& 431& 0*& *12.9& 8*(('4).& /'(.,(.P

+,3('0>& :31,1'*0(& ;^9'.(' Pa)'G.'9,& .1& ,)F& $BDV<F& O0*12.9& (13/6& :.,(39./& 12.&

).G.)(&*H&L9.PA &'0&129..&49,'0&9.>'*0(&*H&OA=&8,1'.01(&,>,'0(1&,&2.,)126&+*019*)&

>9*38&;W9,30&.1&,)F&$BB]<F&#2.6&H*30/&/'HH.9.01&.789.(('*0&8,11.90(&4.1M..0&4*12&

>9*38(&M'12&,0&'0+9.,(./&.789.(('*0&'0&W9*/:,00 j(&,9.,&WON&;(38.9'*9&H9*01,)&

+*91.7<?& ,0& 30+2,0>./& .789.(('*0& 8,11.90& '0& W9*/:,00[(& ,9.,& WCB& ;8,9'.1,)&

+*91.7<?& ,0/& ,& 9./3+./& .789.(('*0& 8,11.90& '0& 12.& +.9.4.))3:& *H& OA=& 8,1'.01(&

,>,'0(1& ,& 2.,126& +*019*)& >9*38F& #2.& /'HH.9.0+.& '0& .789.(('*0& +*3)/& 4.& /3.& 1*&
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/'HH.9.01&H30+1'*0(&'0&/'HH.9.01&9.>'*0(F&#2.&/'HH.9.01&.789.(('*0&8,11.90(&,9.&,0&

'01.9.(1'0>&*4(.9G,1'*0&4.+,3(.& L9.PA &'02'4'1*9(&(3+2&,(&9*)'89,:?&(.919,)'0.&*9&

H)3*7.1'0.&,)9.,/6&.7'(1&,0/&+*3)/&*HH.9&,&12.9,8.31'+&*81'*0&H*9&OA=&M2'+2&'(&,0&

3019.,1,4).&/'(*9/.9& (*&H,9F&#2.&89*1.'0&H,:')6&X=%C&2,(&,)9.,/6&4..0&0,:./&,(&

,& 12.9,8.31'+,))6& 1,9>.1& '0& /'HH.9.01& 0.39*/.G.)*8:.01,)& /'(.,(.(& (3+2& ,(&

O)-2.':.9 j(&*9&X,9I'0(*0j(&,0/&8(6+2',19'+&/'(.,(.(& (3+2&,(&(+2'-*829.0',&,0/&

/.89.(('*0& ;"')),9&.1&,)F&$BBVc&L*3(),6?&A+2,H.9?&,0/&\2,0>&$BBV<F&&

#2.&G,)'/,1./&/'HH.9.01&.789.(('*0&*H&L9.PA &(388*91(&12.&268*12.('(&12,1&!"#$%&

G,9',01(&/'(1394&12.&19,0(+9'81'*0,)&0.1M*9I(&*H&0.39*0,)&/.G.)*8:.01F&#2.&9.(3)1(&

H9*:&+)3(1.9'0>&*H&>.0.&.789.(('*0&89*H').(&,0/&8,12M,6&,0,)6('(&M'12&KXO&,9.&

+*0('(1.01& M'12& 89.G'*3(& (13/'.(& M2'+2& /.(+9'4./& 12.& 9*).& *H& !"#$%& '0&

(8.9:,1*>.0.('(& ;e,8&.1&,)F&$BDD<F
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,0/& ,+53'9./&H'9(1&M*9/<?&4.2,G'*9,)&89*4).:(&; .F>F&,11.01'*0P/.H'+'1_268.9,+1'G'16&

/'(*9/.9?& (1.9.*168'.(?& (I'0 P8'+I'0>& 4.2,G'*9?& (.)HP'0J39'*3(& 4.2,G'*9?&

,> >9.(('G'16?& ,07'.16<?&268*1*0',?&H30+1'*0,)&>,(19*'01.(1'0,)& ,40*9:,)'1'.( &;.F>F&

9.H)37?&G*:'1'0>?&4*M.)&:*1')'16&'((3.(<?&:,+9*+.82,)6&,0/&30'53.&H,+',)&H.,139.(&
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/123456 `<C>^`$K ) >I>PVPVVIP>VPPIVV>PI> )

/123456 `<C>^`17 ) >IPI>>VVV>IIIVP>I>> )

/123456 `<C>^`$7 ) PIII>PIIV>PPPV>V>PIV )

7.-89 `<C>^`1K ) VVPV>VPVV>IPV>IVV> )

7.-89 `<C>^`$K ) VV>PP>PPIPI>>P>IIIP>>PV )

7.-89 `<C>^`17 ) VPIVVVIVVPVI>V>VIV )

7.-89 `<C>^`$7 ) PPV>PV>>>IVVIVP>>PV )

7:;0 `<C>^`1K ) VP>>IV>V>P>PPVPVIVV )

7:;0 `<C>^`$K ) >IPV>VIVI>VP>>>>PII> )

7:;0 `<C>^`17 ) IVVIIVVPVPV>I>PIIIVV )

7:;0 `<C>^`$7 ) IIVVIIVI>I>IV>>VPVIV )

-890 `<C>^`1K ) PV>>PII>VVVPIPP>PPI>> )

-890 `<C>^`$K ) IIVP>IVPV>II>>VVPVV )

-890 `<C>^`17 ) IVPPPI>IVIV>>PVVPI>PIV )

-890 `<C>^`$7 ) IIV>PIPPVV>PIPVVVP>PI> )

-;"05 `<C>^`1K ) >VI>IV>P>IIIP>PVPVVI>> )

-;"05 `<C>^`$K ) >I>VPP>IIPP>V>>VPVV )

-;"05 `<C>^`17 ) PVIP>>PIV>IVVVIV>>I> )

-;"05 `<C>^`$7 ) >IVIVI>>PI>I>>>PVPPV> )

;89. `<C>^`1K ) >PVVI>P>P>P>IVIIV>PV> )
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;89. `<C>^`$K ) IV>I>>VI>PIVIPVIVVPIV )

;89. `<C>^`17 ) VI>PI>V>P>IVIV>PIPVPVV )

;89. `<C>^`$7 ) V>PVP>VIV>PV>IVPPVIPV )

<-;$= `<C>^`1K ) IVVVV>PIPIPPIV>>IIVV )

<-;$= `<C>^`$K ) PV>IVPIP>P>PIPVVIVP>>P>IV )

<-;$= `<C>^`17 ) I>>PVVII>IV>>P>IVVV )

<-;$= `<C>^`$7 ) IP>III>P>PI>PI>I>>PPIIPV> )

>?@AB̀<C>^`1K ) IP>>VIIP>IIVV>IVPVVIIV )

>?@AB̀<C>^`$7 ) VVIPIV>IIVIIVIVP>IVPI>V )

>?@AB̀<C>^`17 ) >PV>P>V>IPPIPPIV>PPIIP> )

>?@AB̀<C>^`$7 ) >>I>>II>I>>IV>II>PV> )

-;"0$ `<C>^`1K ) IVV>>V>>PV>PPIPIIV )

-;"0$ `<C>^`$K ) >PVIVI>I>>PV>>I>I>>PP> )

-;"0$ `<C>^`17 ) >P>VV>IPIVVIV>>II>> )

-;"0$ `<C>^`$7 ) >PIII>>IPPVVPVII>>P>IV> )

@-%#&0'#&1&/' )

C2#/96 `<C>^`1K ) >IV>IV>IV>IV>IPV>V )

C2#/96 `<C>^`$K ) V>PV>IVVVIV>PP>VP> )

C2#/96 `<C>^`17 ) VI>IV>>PVPVII>PVIVVIV )

C2#/96 `<C>^`$7 ) >PVVVPI>IVV>PVVVPV )

%4C06`<C>^`1K ) V>I>PV>>IVVPV>>IVI> )
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%4C06`<C>^`$K ) >>>VPI>IVPVVVIP>PV>P> )

%4C06`<C>^`17 ) >PIVPPVVIV>II>I>>VPV )

%4C06`<C>^`$7 ) PVV>I>>PVV>IVIVVV )

9;-7$ `<C>^`1K ) V>IVPVVV>PIP>VPIVV> )

9;-7$ `<C>^`$K ) VVI>>>>P>IV>>>PVV )

9;-7$ `<C>^`17 ) >>VP>IV>PVVVP>PIVI> )

9;-7$ `<C>^`$7 ) >>VVVV>VVIPPPVPIV )

C3#C `<C>^`1K ) >P>>V>>IV>>I>VPP> )

C3#C `<C>^`$K ) PV>I>V>V>PV>I>>PI> )

C3#C `<C>^`17 ) I>VVP>>IV>V>IVVI> )

C3#C `<C>^`$7 ) V>>>PVVV>VI>PV>I> )

!/CD5 `<C>^`1K ) P>VIV>VIV>>>PV>IV )

!/CD5 `<C>^`$K ) PPV>>>P>PI>>P>PI>>IV )

!/CD5 `<C>^`17 ) II>PV>VPVPP>V>>VI> )

!/CD5 `<C>^`$7 ) VIP>I>P>>>I>IVVVVI>P> )

-8%5. `<C>^`1K ) >>IVIP>>V>I>PVP>PV>V )

-8%5. `<C>^`$K ) IIP>VPIVPVVI>II>PV>VIV )

-8%5. `<C>^`17 ) VPV>VIVV>PIVVPPPI>P )

-8%5. `<C>^`$7 ) V>PI>IVVVIVVP>PPVVI> )

-E--36 `<C>^`1K ) P>V>PVIP>>V>PV>>P> )

-E--36 `<C>^`$K ) PPVIIV>>>P>>V>VIV )
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-E--36 `<C>^`17 ) >>IP>PI>P>V>PVVP>PI>IV )

-E--36 `<C>^`$7 ) V>VPPVV>IVP>PV>VIV )

;/C50 `<C>^`1K ) PVVP>>I>>P>II>>VVIV )

;/C50 `<C>^`$K ) VI>P>>IIVVVVI>PVP>II> )

;/C50 `<C>^`17 ) >>P>>PI>II>>I>>PPVI>V )

;/C50 `<C>^`$7 ) >PV>>PVVPIVPIVPVIVI>P> )

;E/1.6 `<C>^`1K ) >>IVVVVPP>II>IVPIVPVV )

;E/1.6 `<C>^`$K ) >P>>P>PV>PPIVPIVVIVV )

;E/1.6 `<C>^`17 ) P>PI>IVI>VV>>IV>>> )

;E/1.6 `<C>^`$7 ) >I>>>PVVVPVI>I>>>PVIP> )

;23/;1 `<C>^`1K ) >IPIPP>>IVVVVPV>PI>P>PV )

;23/;1 `<C>^`$K ) >I>PIPVVIIVII>>PIPPI>VV )

;23/;1 `<C>^`17 ) >P>>>>PPP>PPVPPVP>IVV )

;23/;1 `<C>^`$7 ) VPIPPV>IV>>PI>II>I>>> )
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2.1.9*-6>*3(&,)).).(&'0&A,++2,9*:6+.(&+.9.G'(',.f?& Y%)52F&

%/M,9/(?&#F&^F?&,0/&=F&@F&W)**:F&$BDNF&fY30/&L3:,0&".(.0+.82,)'+&;YbL"%A<&
Z.39*0,)&@.))&Y'0.&A388*91(&L.98.(&A':8).7&l'93(&D&Y,1.0+6&K0&l'19*f?&S#
Z(&18?&NEF&

%'(.04.9>?&%F?&,0/&%F&eF&Y.G,0*0F&$BDEF&fL3:,0&2*3(.I..8'0>&>.0.(?&9.G'('1./f?&
,&%0/5#G%0%2?&$Nh&VRNP]CF&

%'((.04.9>?& qF& @F?& ,0/& OF& A2'),1'H,9/F& $BDBF& fL'(1*0.& LE& )6('0.& C& ;LE!C<&
:.126),1'*0&'0&/.G.)*8:.01&,0/&/'HH.9.01',1'*0f?&9%'#M(18?&EENh&$CBPNF&

%:.9)'0>?&WF&"F?&qF&W*0'H,(?&@F&XF&!9,1-?&AF&=*0*G,0?&WF&UF&#,6)*9?&%F&=F&^9..0?&
"F&"F&Y.&W.,3?&,0/&!F&"F&A2,00*0F&$BB$F&f"YYV?&,&2*:*)*>&*H&=9*(*82'),&
19'12*9,7&)*+,1./&M'12'0&,&(.>:.01&*H&+29*:*(*:.&4,0/&]5$$&':8)'+,1./&
'0&:6.)*'/&).3I.:',f?& I0$17%0%?&$Dh&CQCNPVCF&
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%90(1?&@F?&%F&AF&@2.0?&,0/&^F&#39.+I'F&$BBNF&fL'(1*0.&:.126),1'*0&,0/&/.+9.,(./&
.789.(('*0&*H&#9IWF#D&'0&*94'1,)&H9*01,)&+*91.7&*H&(3'+'/.&+*:8).1.9(f?&+18#
L56$=()2&6?&DCh&QEBP$F&

S,30/.(?& lF?&TF&^F&Z.M:,0?&YF&W.90,9/'0'?&ZF&@,02,:?&qF&@),61*0PA:'12?&WF&
=,)),8'++*),?&AF&qF&=,G'.(?&"F&!F&=.:*(?&OF&^*)/:,0?&LF&^'))?&UF&L*91*0?&
WF& !.99?& =F& !3:,9?& OF& Y.2:,0?& AF& "+!..?& qF& "*91*0?& "F& qF& X,9I.9?& qF&
U,0I'0?&YF&U*4.91(*0?&KF&!F&#.:8).?&A.53.0+'0>&@)'0'+,)&O((.((:.01&*H&
12.& b1')'16& *H?& A13/6& %G,)3,1'*0& ,(& ,& A.9G'+.?& A13/6& =.+'82.9'0>&
=.G.)*8:.01,)& ='(*9/.9(?& ,0/& AF& W,0I,F& $BDQF& fL'(1*0.& Y6('0.&
".126),(.(& ,0/& =.:.126) ,(.(& '0& 12.& Y,0/(+,8.& *H& L3:,0&
=.G.)*8:.01,)&='(*9/.9(f?& A>#S#:4>#G%0%2?&DB$h&D]VPQ]F&

S*94.(?&AF&OF?&=F&W.,9.?&XF&^30,(.I,9,0?&!F&Y.30>?&ZF&W'0/,)?&LF&W*31(.),I'(?&
"F&='0>?&AF&W,:H*9/?&@F&@*).?&AF&T,9/?&@F&eF&!*I?&"F&q',?&#F&=.?&qF&TF&
#.,>3.?& "F& UF& A19,11*0?& bF& "+=.9:*11?& ,0/& XF& qF& @,:84.))F& $BDVF&
f@aA"K@h&.78)*9'0>&12.&M*9)/f(&I0*M)./>.&*H&(*:,1'+&:31,1'*0(&'0&23:,0&
+,0+.9f?&R4$8%($#A$(/5#B%5?&CEh&=QBVPDDF&

^,9'46,0?& YF?& ,0/& ZF& OG,(2',F& $BDEF& fX*)6:.9,(.& +2,'0& 9.,+1'*0f?&S# X0'%52#
9%&>)218?&DEEh&DPCF&

^2*(2?&UF?&qF&%F&^')/,?&,0/&OF&lF&^*:.(F&$BDCF&f#2.&0.+.(('16&*H&,0/&(19,1.>'.(&
H*9& ':89*G'0>& +*0H'/.0+.& '0& 12.& ,++39,+6& *H& M.(1.90& 4)*1(f?&.[3%&2# B%'#
L&12%1>($5?&DDh&VCNPRBF&

^),(.9?&AF?&qF&A+2,H1?&AF&Y34'1-?&!F&l'01.9(1.0?&SF&G,0&/.9&L*.G.0?&!F&UF&#3H1.),0/?&
UF&O,(),0/?&!F&O0,(1,((',/'(?&AF&YF&O0>?&,0/&OF&SF&A1.M,91F&$BBRF&f"3)1'8).&
.8'>.0.1'+&:,'01.0,0+.&H,+1*9(& ':8)'+,1./&46&12.&)*((&*H&"))$& '0&:*3(.&
/.G.)*8:.01f?& 9%'%813>%02?&DEEh&DC$EPE$F&

^9,2,:?&SF&YF?&qF&A:').6?&TF&@F&U3((.))?&,0/&UF&Z,'90F&DN]]F&f@2,9,+1.9'(1'+(&*H&,&
23:,0&+.))&)'0.&19,0(H*9:./&46&=ZO&H9*:&23:,0&,/.0*G'93(&168.&Vf?&S#
G%0#Z(&18?&ERh&VNP]CF&

^9'.(' Pa)'G.'9,?&!F?&OF&O+,4?&OF&UF&^381,?&=F&eF&A30,>,?&#F&@2,'),0>I,90?&`F&Z'+*)?&
eF&Z30.-?&"F&SF&T,)I.9?&qF&=F&"39/*+2?&AF&qF&A,0/.9(?&#F&lF&S.90,0/.-?&
TF&q'?&UF&XF&Y'H1*0?&%F&l,/,(-?&OF&='.19'+2?&=F&X9,/2,0?&LF&A*0>?&^F&YF&"'0>?&
`F&^3?&^F&L,//,/?&"F&@F&ZF&",9+2.11*?&ZF&A8'1-.9?&"F&UF&X,((*(PW3.0*?&
"F&TF&A1,1.?&,0/&OF&UF&"3*19'F&$BDVF&f"*/.)'0>&0*0 P(60/9*:'+&,31'(:&,0/&
12.&':8,+1&*H&#UX@R&/'(9381'*0&'0&23:,0&0.39*0(f?&+18%$48)&#L56$=()2&6?&
$Bh&DEVBPRVF&

L*3(),6?& "F& =F?& XF& A+2,H.9?& ,0/& !F& eF& \2,0>F& $BBVF& f!.60*1.& 9.G'.Mh&
82*(82*/'.(1.9,(. PC& ,(& ,& 12.9,8.31'+& 1,9>.1f?&9&47# 9(5$1'# ,1/)6 ?& DBh&
DVBEPDNF&

K*(('H*G?&KF?&=F&Y.G6?&qF&O)).0?&!F&e.?&"F&U*0.:3(?&eF&LF&Y..?&WF&e,:9*:?&,0/&"F&
T'>).9F&$BDVF&fY*M&)*,/&H*9&/'(9381'G.&:31,1'*0(&'0&,31'(:&>.0.(&,0/&12.'9&
4',(./&19,0(:'(('*0f?& L&1$%%/(075#1O#2=%#R)2(10)8#A$)/%>6#1O#!$(%0$%5#
1O#2=%#U0(2%/#!2)2%5#1O#A>%&($)?&DD$h&%VRBBP]F&
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K*(('H*G?& KF?& "F& U*0.:3(?& =F& Y.G6?& \F& T,0>?& KF& L,II.9?& qF& U*(.04,3:?& WF&
e,:9*:?&eF&LF&Y..?&^F&Z,9-'('?&OF&Y.*11,?&qF&!.0/,))?&%F&^9,4*M(I,?&WF&
",?& AF& ",9I(?& YF& U*/>.9(?& OF& A1.8,0(I6?& qF& #9*>.?& XF& O0/9.M(?& "F&
W.I9'1(I6?&!F&X9,/2,0?&%F&^2'4,0?&"F&!9,:.9?&qF&X,9),?&UF&=.:.1.9?&YF&YF&
S3)1*0?&UF&AF&S3)1*0?&lF&qF&",>9'0'?&!F&e.?&qF&@F&=,90.))?&UF&WF&=,90.))?&%F&UF&
",9/'(?&UF&!F&T')(*0?&"F&@F&A+2,1-?&TF&UF&"+@*:4'.?&,0/&"F&T'>).9F&$BD$F&
f=.&0*G*&>.0.&/'(9381'*0(&'0&+2')/9.0&*0&12.&,31'(1'+&(8.+193:f?&R%4&10?&
]Ch&$QVPNNF&

KM,I'?&#,I,63I'?&,0/&!,-3*&b:.:39,F&$BDDF&fO&('0>).&8),(:'/&19,0(H.+1'*0&12,1&
*HH.9(& ,& ('>0'H'+,01& ,/G,01,>.& ,((*+',1./& M'12& 839*:6+'0& (.).+1'*0?&
H)3*9.(+.0+. P,(('(1./& +.))& (*91'0>?& ,0/& /*76+6+)'0.P'0/3+'4).& 89*1.'0&
.789. (('*0&'0&:,::,)',0&+.))(f?& E6212%$=018176?&REh&EE]PCEF&

q,0>?&=,&%30?&q,.&e*30>&Y..?&q,.&L**0&Y..?&aI&q,.&!**?&L..&A**I&W,.?&"'0&
L..&q30>?&q'&L630&W,.?&T**&A30>&LM,0>?&e**&q'0&@2,0>?&e**0&L**&Y..?&
L,0& T**0>& Y..?& ,0/& A3& @2.*0>& e.*:F& $BDQF& f"3)1'8).& (>UZO(& M'12&
*G.9),88'0>& (.53.0+.(& .02,0+.& @UKAXU_@,(NP:./',1./& I0*+I P'0&
.HH'+'.0+6f?&.[3%&(>%02)8#\#+18%$48)&#+%/($(0%?&VBh&DRF&

q'0.I?&"F?&!F&@26)'0(I'?&KF&S*0H,9,?&"F&L,3.9?&qF&OF&=*3/0,?&,0/&%F&@2,98.01'.9F&
$BD$F&fO&89*>9,::,4).&/3,)PUZOP>3'/./&=ZO&.0/*03+).,(.&' 0&,/,81'G.&
4,+1.9',)&'::30'16f?&!$(%0$%?&EE]h&QDRP$DF&

q*0.(?&TF&=F?&=F&=,H*3?&"F&"+%01,>,91?&TF&qF&T**)),9/?&SF&lF&%):()'.?&"F&L*)/.9P
%(8'0,((.?& "F& K9G'0>?& OF& !F& A,>>,9?& AF& A:'12(*0?& UF& @F& #9.:4,12?& @F&
=.(28,0/.?&,0/&"F&OF&A':8(*0F&$BD$F&f=.&0*G*&:31,1'*0(&'0&"YY&+,3(.&
T'./.:,00 PA1.'0.9&(60/9*:.f?&A>#S#:4>#G%0%2?&NDh&EVQPRCF&

!,0/,),?& ='G6,& #F?& O).((',& =.)& X',0*?& Y3+,& "'0,1'?& ,0/& ",((':')',0*& @),:.9F&
$BDQF& f#,9>.1'0>& 19,0(),1'*0& ,+1'G'16& ,1& 12.& 9'4*(*:.& '01.9H,+.& M'12& blP
,+1'G.&(:,))&:*).+3).(f?& C(1B[(' h&CEREDDF&

!,0>?&LF&qF?&eF&KF&!,M,(,M,?&SF&@2.0>?&eF&\23?&`F&`3?&"F&Y'?&OF&"F&A*3(,?&"F&
X).1'I*(?&!F&OF&".6.9?&^F&A./:,I?&#F&^3.00.)?&eF&A2'0?&"F&WF&q*20(*0?&\F&
!9(0'I?&AF&",6.9?&AF&S.913-'02*(?&AF&b:),3H?&AF&ZF&Y'(>*?&OF&l*91:.6.9?&=F&
UF& T.'04.9>.9?& AF& ",0.?& #F&"F& L6/.?& OF& L3110.9?& "F& U.':.9(?& qF& %F&
!).'0:,0?& ,0/& ZF& A.(1,0F& $BDDF& fA8,1'*P1.:8*9,)& 19,0(+9'81*:.& *H& 12.&
23:,0&49,'0f?&R)24&%?&C]Qh&CQEPNF&

!,83(+'0(I'?& qF& DNNVF& f=OXKh& ,& =ZOP(8.+'H'+& H)3*9.(+.01& 89*4.f?&M(12%$=#
:(521$=%>?&]Bh&$$BPEEF&

!.9G.(1'0?& AF?& ,0/&OF& q,+*4(*0F& $BD$F& fZ"=h& ,& :3)1'H,+.1./& 9.(8*0(.& 1*&
89.:,139.&19,0(),1'*0,)&1.9:'0,1'*0f?&R)2#B%'#+18#E%88#M(18?&DEh&]BBPD$F&

!':?&qF&LF?&qF&LF&Y..?&KF&AF&Y..?&AF&WF&Y..?&,0/&!F&AF&@2*F&$BD]F&fL'(1*0.&Y6('0.&
".126),1'*0&,0/&Z.39*/.G.)*8:.01,)&='(*9/.9(f?& X02#S#+18#!$(?&DQF&

!':?&#,.&!630>?&,0/&q,:.(&LF&%4.9M'0.F&$BDBF&f",::,)',0&+.))&19,0(H.+1'*0h&
12.&89.(.01&,0/&12.&H3139.f?&A0)862($)8#)0/#C(1)0)862($)8#$=%>(52&6?&EN]h&
ED]EP]QF&
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!'11).9?&UF?&YF&X.)).1'.9?&OF&!F&L.0'0>.9?&"F&A),4'+I'?&"F&#2.'(?&YF&"'9*(),M?&KF&X*(.9?&
AF&Y,M*?&LF&^9,40.9?&!F&!*-,I?&qF&T,>0.9?&lF&A39.0/9,0,12?&@F&U'+21.9?&
TF&W*M.0?&OF&YF&q,+I(*0?&WF&L,4.9:,00?&OF&OF&L6:,0?&,0/&SF&W3+22*)-F&
$BB]F&f^.0*:. P(+,).&UZO'&89*H')'0>&*H&+.))&/'G'('*0&'0&23:,0&1'((3.&+3)139.&
+.))(f?&R)2#E%88#M(18?&Nh&DCBDPD$F&

!)..H(19,?&#F?&qF&"F&!9,:.9?&!F&Z.G.)'0>?&"F&LF&T')).:(.0?&#F&AF&!*.:,0(?&YF&%F&
l'((.9(?&TF&T'(('0I PY'0/2*31?&"F&S.0+I*G,?&TF&"F&G,0&/.0&OII.9?&ZF&ZF&
!,(9'?& TF& "F& Z')).(.0?&#F& X9.(+*11?& UF& =F& @),9I?& !F& =.G9'.0/1?& qF& G,0&
U..3M'JI?&OF&XF&/.&W9*3M.9?&@F&^')'((.0?&LF&\2*3?&LF&^F&W9300.9?&qF&OF&
l.)1:,0?& OF& A+2.0+I?& ,0/& LF& G,0& W*I2*G.0F& $BD$F& f='(9381'*0& *H& ,0&
%L"#D P,((*+',1./& +29*:,1'0 P:*/'H'+,1'*0& :*/3).& +,3(.(& '01.)).+13,)&
/'(, 4')'16f?&A>#S#:4>#G%0%2?&NDh&]EPQ$F&

!*.:,0(?&#F&AF?&#F&!)..H(19,?&"F&@F&@234,I?&"F&LF&A1*0.?&"F&UF&SF&U.'J0/.9(?&AF&
/.&"300'I?&"F&LF&T')).:(.0?&"F&S.0+I*G,?&@19:&A13:8.)?&YF&OF&W*I?&"F&
A'H3.01.(&A,.0-?&!F&OF&W6.9)6?&YF&WF&W,3>20?&OF&XF&OF&A1.>:,00?&UF&XH30/1?&
LF& \2*3?& LF& G,0& W*I2*G.0?& OF& A+2.0+I?& ,0/& qF& "F& !9,:.9F& $BD]F&
fS30+1'*0,)& +*0G.9>.0+.& *H& 2'(1*0.& :.126)19,0(H.9,(.(& %L"#D& ,0/&
!"#$@&'0G*)G./& '0& '01.)).+13,)& /'(,4')'16&,0/& ,31'(:&(8.+193:&/'(*9/.9f?&
LT1!#G%0%2?&DEh&.DBBRQRCF&

!*3-,9'/.(?&#F&$BB]F&f@29*:,1'0&:*/'H'+,1'*0(&,0/&12.'9&H30+1'*0f?&E%88?&D$Qh&RNEP
]BVF&

!9,:.9?&qF&"F?&,0/&LF&G,0&W*I2*G.0F&$BBNF&f^.0.1'+&,0/&.8'>.0.1'+&/.H.+1(&'0&
:.01,)&9.1,9/,1'*0f?&X02#S#M(1$=%>#E%88#M(18?&CDh&NRPDB]F&

!3-0.1(*G,?&O)),&lF?&O).7,0/.9&"F&!39'0*G?&,0/&",9',&OF&O).I(,0/9*G,F&$BDCF&
f@.))& :*/.)(& 1*& (13/6& 9.>3),1'*0& *H& +.))& 19,0(H*9:,1'*0& '0& 8,12*)*>'.(& *H&
9.1'0,)&8'>:.01&.8'12.)'3:f?&S14&0)8#1O#13=2=)8>18176?&$BDCh&QBD]Q]PQ]F&

Y,4320?&"F?&SF&SF&O/,:(?&"F&Z>?&AF&!0*.((?&OF&A+2,:4,+2?&%F&"F&@2,98.01'.9?&
OF&A+2M,9-.9?&qF&YF&",1.*?&qF&LF&!)3(:,00?&,0/&=F&L.+I)F&$BD]F&fU.H'0./&
(>UZO&.HH'+,+6&89./'+1'*0&':89*G.(&),9>.P&,0/&(:,)) P(+,).&@UKAXUP@,(N&
,88)'+,1'*0(f?&R4$8%($#A$(/5#B%5F&

Y,.::)'?&bF&!F&DN]BF&f@).,G,>.&*H&(193+139,)&89*1.'0(&/39'0>&12.&,((.:4)6&*H&12.&
2.,/&*H&4,+1.9'*82,>.&#Cf?&R)24&%?&$$]h&RQBPVF&

Y,),:?& ZF& $BBRF& f%(1':,1'*0& *H& 12.& 9.,+1'*0& .HH'+'.0+6& '0& 8*)6:.9,(.& +2,'0&
9.,+1'*0f?&S#,=%1&#M(18?&$C$h&NC]PVEF&

Y,0-,?& OF& "F?& =F& AF& !':?& ,0/& LF& AF& O)8.9F& $BDEF& f%G,)3,1'0>& 12.& '0H)3.0+.& *H&
(.).+1'*0& :,9I.9(& *0& *41,'0'0>& (.).+1./& 8**)(& ,0/& (1,4).& +.))& )'0.(& '0&
23:,0&+.))(f?&M(12%$=018#S?&Qh&QDDP$DF&

Y,3:*00'.9?&SF?&SF&W*00.1PW9')2,3)1?&"F&^*:*1?&UF&W),0+?&OF&=,G'/?&"F&XF&"*'-,9/?&
"F&U,60,3/?&ZF&U*0+.?&%F&Y.:*00'.9?&XF&@,)G,(?&WF&Y,3/'.9?&qF&@2.))6?&qF&
XF& S960(?& LF& LF& U*8.9(?& WF& @F& L,:.)?& @F& O0/9.(?& @F& W,912.).:6?& @F&
"*9,'0.?&,0/&AF&W9',3)1F&$BBCF&f`P)'0I./&:.01,)&9.1,9/,1'*0&,0/&,31'(:&,9.&
,((*+',1./&M'12&,&:31,1'*0&'0&12.&ZY^ZC&>.0.?&,&:.:4.9&*H&12.&0.39*)'>'0&
H,:')6f?&A>#S#:4>#G%0%2?&]Ch&VV$P]F&
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Y..?& XF& eF?& qF& @*(13:49,/*?& @F& eF& L(3?& ,0/& eF& LF& !':F& $BD$F& fO>,9*(.& >.)&
.).+19*82*9.('(&H*9&12.&(.8,9,1'*0&*H&=ZO&H9,>:.01(f?&S#Z(5#.[3F&

Y'?&eF?&qF&L,0?&eF&\2,0>?&SF&@,*?&\F&Y'3?&AF&Y'?&qF&T3?&@F&L3?&eF&T,0>?&qF&A23,'?&qF&
@2.0?&YF&@,*?&=F&Y'?&XF&A2'?&@F&#',0?&qF&\2,0>?&eF&=*3?&^F&Y'?&eF&@2.0?&,0/&
"F& Y.'F& $BDRF& fA193+139,)& 4,('(& H*9& ,+1'G'16& 9.>3),1'*0& *H& "YY& H,:')6&
:.126)19,0(H.9,(.(f?&R)24&%?&VEBh&CC]PV$F&

Y'0?&AF?&WF&#F&A1,,2)?&UF&!F&O)),?&,0/&qF&OF&=*3/0,F&$BDCF&f%02,0+./&2*:*)*>6P
/'9.+1./&23:,0&>.0*:.&.0>'0..9'0>&46&+*019*))./&1':'0>&*H&@UKAXU_@,(N&
/.)'G.96f?&.8(O%?&Eh&.BC]RRF&

Y'0?&eF&@F?&"F&W**0.?&YF&".39'(?&KF&Y.::.0(?&ZF&l,0&U*6?&OF&A*.1.?&qF&U.3:.9(?&
"F& "*'((.?& AF& X),'(,0+.?& UF& =9:,0,+?& qF& @2.0?& SF& A8.).:,0?& =F&
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