Introduction to the Pigmentary System

1.1 Introduction

The colors of mice, horses, dogs, rabbits, humans, and other animals — yellow, black, brown, cream,
orange, chocolate, blue, beige, white — result from mutations in genes that influence some of the
most basic genetically controlled processes of life. These include specification of cell lineage, migra-
tion and homing of specialized cells, tissues, and organs, interactions of cells with surrounding
tissues and their differentiation, and maintenance throughout life. Because defects in pigment cells
are usually not lethal to the organism, pigmentation is an unusually accessible system in which to
study these basic processes of vertebrate life.

In addition to these useful qualities of the pigmentary system, the availability of inbred mice with
genetic defects in pigmentation that can be studied using modern techniques of genetics and cell
biology —and comparative genetics at the level of sequenced genomes — has resulted in an unprece-
dented explosion of information about pigmentation.

The pigmentary system of the inbred laboratory mouse is a uniquely useful model of
phenotype-based genetics, both basic and applied (Lauber 1971; Morse 1978; Barsh 2007). With the
inbred mouse, the sequenced genome, modern technologies, and the pigmentary model we have
the necessary tools to unravel the complex web of interacting genic functions that lead from a
change in a gene through the multiple communicating processes that result in a specific phenotypic
outcome.

Study of pigmentary genetics began, at the turn of the last century, with yellow mice and albino
mice (Cuénot 1902; Castle & Allen 1903; Little 1913a; Wright 1917). A few books serve as landmarks
of the progress of our studies of the genetic control over murine and comparative phenotypes;
prominent among them are Green’s (1966) Biology of the Laboratory Mouse, Searle’s (1968)
Comparative Coat Color Genetics in Mammals, Silvers’ (1979) The Coat Colors of Mice, and Nordlund
etal.’s (2006) The Pigmentary System. See also Foster (1965). More recent technological advances have
given us the tools to take a closer look at the interacting processes that generate specific pigmentary
phenotypes of the mouse, our most valuable genetically controlled animal model (Fig. 1.2).

The Colors of Mice: A Model Genetic Network, 1st edition. By M. Lynn Lamoreux, Véronique Delmas, Lionel Larue, and
Dorothy C. Bennett. Published 2010 by Blackwell Publishing Ltd.
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Figure 1.2 White spotted mouse, red-eyed-white, genotype Mitf™/ Mitf™.

1.2 Colors of vertebrate animals

The function of melanocytes is to deposit melanin pigment within their cell-specific organelles
(melanosomes). In the skin and/or growing hairs (feathers, scales) these melanosomes are often
delivered to neighboring keratinocytes. Pigment cells of the eye arise in situ and retain their
melanosomes; pigment cells of other organs may also retain their melanosomes. The colors of the
native pigment — but not all the phenotypes of mice and other mammals — are red/yellow pheome-
lanin and black or brown eumelanin. Yellow, black, and chocolate brown are the three basic colors
of pigment produced in mammalian melanocytes (see Chapter 4 on melanogenesis and Chapter 5
on pigment-type switching). Additionally, some colors are affected by the blood in the tissues, as for
example in the comb and wattles of chickens, and other colors are influenced primarily by the struc-
tures of skin and hair (Quevedo & Holstein 2006), but most color variables, especially in animals
that are covered with hair or feathers, are created by genetically controlled modification of the
amount and distribution of the three basic colors of melanin pigment and of the melanocytes
themselves (Searle 1968; Silvers 1979).

Pheomelanin is yellow/ red melanin pigment found, for example in the hairs of Golden Retriever
and Irish Setter breeds of dogs; yellow mice, rabbits and guinea pigs, orange or red cats, sorrel or
chestnut horses, ‘red’ chickens (Fig. 1.3), ‘brown’ cattle (Fig. 1.4), and the bright red hair of humans
(Little 1957; Searle 1968; Robinson 1971; Bowling & Ruvinsky 2000; Ostrander et al. 2005; Pontius
et al. 2007; Schmutz & Berryere 2007; Barsh 2007; see Chapter 5). Eumelanic pigment is of two
varieties: black eumelanin, as in the hairs of black Labrador Retriever dogs, and brown eumelanin,
as in brown (chocolate) Labrador Retrievers, as well as chestnut Oriental Shorthair cats (see the pic-
ture under Statement regarding the use of pictures at the front of the book), brown mice (Fig. 1.5),
and others.

Some of the phenotypes that we think of as ‘brown’ actually are not brown at the level of pigment
color, and this is also true of ‘red’ or ‘yellow.” It’s not always easy to tell the difference visually, and
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Figure 1.3 Pheomelanic chicken, genotype unknown.

Figure 1.4 Pheomelanic calf/cow, Mc1r¢/Mc1r€ (original name e/e); genotype name
Recessive yellow. The common name is ‘red’ or ‘brown’; however, brown is technically
incorrect as Brown is an allele of the black/brown Tyrp1locus (Chapter 4).
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Figure 1.5 Eumelanic mice, one brown, one black; Tyrp 1%/ Tyrp1° (former name b/b),
phenotype brown; Tyrp 18/ Tyrp18 (formerly B/B), phenotype black.

Figure 1.6 Agouti black mouse and nonagouti black mouse; A/A Tyrp18/Tyrp18 (former
name A/A B/B); a/a Tyrp15/ Tyrp18 (former name a/a B/B). The hairs of the agouti mouse
are banded with yellow pigment and nonyellow pigment as determined by the Agoutilocus.
The color of the nonyellow pigment is black, as determined at the black/brown (Tyrp1) locus.

the common names for color phenotypes are not based on science. Sometimes the word brown is
used to describe animals that are pheomelanic, like the cow and calfin Figure 1.4, that may be called
brown or red; sometimes the word brown is used instead of the more accurate term agouti for
phenotypes such as the mouse in Figure 1.6 and the cat in Figure 1.7. Agouti coloration — such as
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Figure 1.7 An Agouti(A/A) cat of the Abyssinian breed. The name of a breed of animal
does not relate to the genetics of its pigmentation.

the wild type in the mouse, rabbit, cat, guinea pig, and squirrel (Fig. 2.5), actually most mammals —
consists of patterns (bands) of eumelanin and pheomelanin within individual hairs. These are
produced by pigment-type switching, with switching between the deposition of eumelanic and
pheomelanic pigment, into the growing hair at different times in its creation, as discussed
in Chapter 5. We will reserve the word ‘brown’ for phenotypes that are based on brown eumelanin.

Mammals may produce eumelanin or pheomelanin in the same or different melanocytes. This
choice is under direct genetic control. In mice, pheomelanin may be produced in the skin of tail and
ears; otherwise pheomelanin is not normally produced outside the hair follicles. Other mammals,
however, do produce pheomelanin in the skin; for example, humans, rabbits, and guinea pigs.

Color of pigment is not the only cause of variability in phenotypes. Banding patterns of hairs have
already been described. Pheomelanin and eumelanin may also be distributed in specific patterns
over the body surface. Normal black (or brown) and yellow color patterns such as those of
tigers and ocelots, black (or brown)-and-tan patterns of mice or dogs (Fig. 1.8), brindle dogs
(Fig. 1.9) and cows (Fig. 5.11), and tabby cats, as well as the agouti pattern of hair banding (Fig. 5.8),
are exquisitely controlled and are caused by pigment-type switching as discussed in Chapter 5.
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Figure 1.8 Black-and-tan dog with white spotting; a/a’ Tyrp 18/ Tyrp18 (former name a’/a’,
B/B). The specific white-spotting genotype is unknown, but it does not relate to the Agouti
gene locus or the Tyrp1 locus. This is another example of the patterning function of the
Agoutilocus. The Agoutilocus regulates patterns of yellow pheomelanin and nonyellow
eumelanin on individual hairs, as in Figures 1.6 and 1.7, or patterns of pheomelanin and
eumelanin over the surface of the body. The so-called tan portion of the pattern is actually
pheomelanic (yellow) pigment. The black color of the eumelanic portion is determined by
the Black/brownlocus (Kerns et al. 2004).

Pigment-type switching describes the ability of pigment cells to switch between the production
of eumelanin and pheomelanin, under the control of the Agouti (A) and/ or Extension (Mc1r) loci and
modifying genes. The Agouti locus regulates the pattern of distribution of eumelanin and pheome-
lanin on each hair and over the surface of the body. So, agouti is not so much a color as a pattern of
pheomelanogenesis that may or may not occur. That the pigment switch is between eumelanin and
pheomelanin is illustrated, for example, in the Doberman Pinscher dog (or the similarly pigmented
dog in Fig. 1.8). These may display yellow and black pigment patterns, or yellow and brown pat-
terns in chocolate brown (incorrectly named ‘red’) Doberman Pinscher dogs.

Black and brown combinations do not occur. The type of eumelanin pigment, black versus
brown, is genetically determined at birth, by the genotype at the B (Tyrp1, black/brown) locus, and
there is no mechanism for switching between them. Color switching is exclusively a phenomenon
involving eumelanin and pheomelanin.

In the mouse and other mammals, the three basic colors of melanin pigment, and their patterns
of distribution over the body or within individual hairs, are regulated by the Agouti (A), Extension
(Recessive yellow, E, or Mcl1r), and black/brown (B or Tyrp1) loci (see Chapter 4).

Two basic types of pigment pattern exist that involve the death of melanocytes or their failure to
differentiate or survive. White spotting is defined as the congenital absence of pigment cells from
portions of the body or from the entire body, and we will use the term progressive graying to
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Figure 1.9 Franny and Bitsy, a white-spotted dog of the Border Collie breed and brindle-
colored Catahoula Hound. Both dogs have white spotting of unknown genotype that is not
associated with the other color genotypes. Both dogs are Black at the Black/brown locus;
therefore, eumelanic areas are black. The brindle phenotype is associated with mutation at
a third locus that regulates the eumelanin/pheomelanin alternative in dogs (the K, Canine
B-defensin 103locus).

describe ongoing loss of melanocytes in mice. Everyone has seen progressive graying with age,
caused by loss or death of pigment cells from the hair follicles. Premature graying or patterned
graying may be termed vitiligo or hypopigmentation; these are discussed in Chapter 3 (see also
Fig. 1.10). Here we will use vitiligo and avoid the term hypopigmentation because it is not specific
to an etiology.

Examples of white spotting include Paint horses, Hereford cattle, white forelock in humans, and
the white areas of white-spotted cats, dogs, and mice, many of which are pictured throughout this
book, especially in Chapter 3. The terms partial albinism and hypopigmentation are sometimes
substituted for white spotting, especially in older publications. However, these are not appropriate
to specifically describe white spotting, because hypopigmentation is a term also applied to albinism,
which is a fundamentally different process. White-spotting and progressive-graying phenotypes
result from pigment cell death or failure to survive, whereas albinism is the failure of deposition of
pigment in living pigment cells, as discussed in Chapter 4.

The final step in cutaneous pigmentation occurs when the pigment cell transfers its
melanosomes into keratinocytes of the adjacent skin, or the keratinocytes of a growing hair or
feather as discussed in Chapter 4. The distribution of melanosomes in hairs is precise, and is an
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Figure 1.10 Vitiligo; (a) Mitf“Y/ Mitf™™; (b) Mitf™ v/ Mitf™-°". The Vitiligo mouse has both
white spotting and vitiligo. (a) This mouse is in the process of molting to a lighter color.
(b) The older mouse is shown at the rear.

important component of how we perceive the color. When this pattern of distribution is modified
by mutation, if the change causes the fur coat or feathers to reflect light differently to our eyes, the
animal may appear to be quite a different color. In mammals, the most common example of this
type of genetically controlled color difference is found in the ‘dilute’ phenotypes that are variously
referred to as gray or blue, lavender, or cream (there are yet more names for this phenotype in
various species) colors of cats, dogs, and other mammals (see Fig. 1.11). These may be caused by
mutation at several different loci. We discuss melanosomal transfer briefly below in section 1.8 and
in more detail in Chapter 4.
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Figure 1.11 Mini Mizzle, lavender color, oriental shorthair. Oriental shorthair is the name
of a breed of cat, and is therefore not a color. ‘Lavender’ is a cat fancier’s term for
‘nonagouti, brown, dilute’ Unfortunately, ‘dilute’ is the cat breeder’s term for the mouse
gene known as Leaden (Melanophilin). The mouse Dilute gene identifies the Myobalocus.
The genotype of this cat is a/a Tyrp 12/ Tyrp1° Miph'/Miph'", which cat fanciers would refer
to as a/a b/b d/d; however, the correct original nomenclature is a/a b/b In/In.

To summarize, the complexity of pigmentation phenotypes results primarily from four basic
processes:

1 development of the melanocyte (Chapter 3);

2 differentiation of the melanocyte as it generates melanosomes (Chapter 4);

3 regulation of the type of melanin that is deposited upon the melanosome (pheomelanin, black
eumelanin, or brown eumelanin) (Chapter 5);

4 transport of the melanosome within the pigment cell and transfer to the neighboring
keratinocytes (Chapter 4).

These four basic functions are regulated by over 300 gene loci in the laboratory mouse (see
the Appendix to this chapter). In the mouse, any of these genes can be evaluated using natural or
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created mutations against an inbred background genome and using advanced genetic techniques
(see Chapter 6). The mutant mice, or their cells, are usually viable and can be evaluated at every
level of gene function, from transcription to the final mouse phenotype. This makes the pigment
system of mice uniquely valuable to our understanding of basic biological processes, including cell
and tissue communication networks within the developing embryo and the adult body, and specific
medical conditions, including melanoma.

1.3 Other pigment cells

Chromatophores or chromatocytes (colored cells) are general terms for pigment cells, which in
some vertebrates may produce pigments other than melanin. Chromatophores of vertebrates —
fish, amphibians, reptiles, birds, and mammals — provide protection from the environment as well
as adaptive and/ or disruptive coloration, through the colors of their pigments and the movement of
their pigmented organelles (chromatosomes) within the pigment cells (Bagnara & Matsumoto
2006; Logan et al. 2006). The chromatophores of fishes, amphibians, and some reptiles are more
varied in content and function than those of birds and mammals, and generally retain their pigment
rather than transferring it to other cells. Colors of lower vertebrates thus result from the distribu-
tion of dermal and epidermal pigment cells (Lamoreux et al. 2005; Parichy et al. 2006). Fish chro-
matophores are primarily melanophores/melanocytes that produce black or brown melanin
pigment; leucophores (white) and iridophores (shiny silvery colors), both of which use purines to
create their pigments; and the yellow-red xanthophores. The yellow colors of fish xanthophores,
unlike the pheomelanocytes of birds and mammals, are based in pteridine pigments (Ziegler 2003).
Color changes in the dermal melanophores of fishes, amphibians, and reptiles may be rapid and
varied, because the pigment cells can quickly disperse or aggregate their chromatosomes within
the dermal chromatophores in response to neuronal and hormonal controls.

The pigmentation repertoire of mammals and birds is more limited. Mammals and birds do not
have so many types of chromatophores; for the most part, they are limited to epidermal
melanophores. Furthermore, rapid changes in the hair/feather pigmentation pattern of birds and
mammals are not possible, except through behaviors such as the tail flagging of deer or courtship
displays of birds. There are two reasons for this. First, the hairs of mammals (and feathers of birds)
are not living tissue and so cannot change biologically. Secondly, the epidermal melanocytes of
mammals do not normally translocate their melanosomes in response to direct neuronal and
hormonal cues, as do the dermal melanophores of amphibians and fishes. Their primary function is
to transfer melanosomes into neighboring keratinocytes. They accomplish this function slowly,
responding to the environment via the epidermal melanin unit (Klaus 2006; Quevedo & Holstein
2006).

1.4 The epidermal melanin unit

The epidermal melanin unit (also called the EMU) of human skin (Fitzpatrick & Breathnach 1963;
Quevedo & Holstein 2006) is a subunit of epidermal tissue, in humans consisting of a melanocyte
and its 30—40 associated keratinocytes, that together are responsible for the production of
melanosomes, and their subsequent transport, metabolism, and degradation. As they mature, the
melanosomes, which are members of the lysosomal family of organelles, are transferred to adjacent
keratinocytes of a growing hair or, in pigmented skin of humans and some other mammals, to
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the adjacent keratinocytes of the epidermal melanin unit in the basal layer of the epidermis,
where they are sequestered within lysosomes. Because the epidermis grows continually from the
basal layer, the cells of the epidermal melanin unit are pushed upward, gradually cornified as the
normal protective layer of skin, and then lost/shed as new epidermal tissue replaces them from
below.

In mice, the outermost protective layer is the hair coat. The transfer of melanosomes from the
pigment cell into the growing hair is precisely controlled in its distribution within the cortex and the
medulla of the hair and differentially according to the type of hair and its location on the body. In
mice, control over the amount, distribution, and color of melanosomes is specific to the age of
mouse, stage of the hair growth cycle, and position on the body (Galbraith 1964).

Mammalian pigment cells are also delivered to the inner ear, iris, choroid, heart, and other
extracutaneous locations (Quevedo & Holstein 2006). The retinal pigment epithelium (see Chapter 3)
is produced in situ.

1.5 Mammalian hair

In mice, overall pigment phenotype is predominantly a reflection of the hair (fur) that covers the
body. Most of the melanocytes are located in the hair rather than in the interfollicular epidermis.
Each hair grows from an epidermal hair follicle (Fig. 1.12). The hair follicle is an ingrowth of the epi-
dermis that pushes deep into the dermis and the hypodermis. The hair follicle, where most of the
activity takes place during a hair growth cycle, consists of the hair bulb, the dermal papilla, and the
bulge area. The dermal papilla pushes up into the root of the hair bulb and provides a blood supply
to the hair bulb cells, which generate the keratinocytes that become cornified as hair. The bulge
area, at least in mice, sequesters melanocyte stem cells between hair cycles. At the beginning of a
hair cycle, melanoblasts (unpigmented melanocyte precursor cells; sometimes called melanocyte

Anagen

Figure 1.12 A mature hair follicle. B indicates the bulge region of the hair follicle and the
gray spot shows where the melanocyte stem cells reside. The horizontal line represents the
level to which the follicle regresses after the growth phase is complete. Diagram courtesy of
Nishimura et al. (2002).
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stem cells in this context) migrate from the bulge area into the hair bulb, around the dermal hair
papilla, where they proliferate, differentiate, and initiate melanogenesis.

1.6 Melanosome biogenesis and translocation

The epidermal melanocyte (Fig. 1.13) is dendritic and contains an abundant endoplasmic reticulum
and active Golgi region where melanosomal proteins are processed before being carried to their
specific locations in stage I, II, III, and the mature stage IV melanosomes, as described in Chapter 4
(Fig. 4.8). Correct processing of the melanosomal proteins and their appropriate transport to the
developing melanosome are necessary for normal pigmentation. Pigmentary defects associated
with processing and transport are discussed in Chapter 4.

The melanosome is a member of the family of lysosome-related organelles that also includes
platelet dense granules, lamellar bodies of type II alveolar epithelial cells, and lytic granules of cyto-
toxic T lymphocytes and natural killer cells. Premelanosomes appear to derive as ‘saccules’ that bud
from the smooth endoplasmic reticulum (Orlow 1995). In eumelanosomes an internal matrix con-
denses from amorphous filamentous material to an organized internal structure. This material is
largely the protein product of the Silver gene locus, as discussed in Chapter 4 (Boissy et al. 2006).

When assembled into a stage II melanosome (lacking pigment) the structure appears in section
as highly organized spirals that apparently represent three-dimensional sheets that are rolled or

Figure 1.13 A eumelanocyte in cell culture.
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pleated to form the basic structure upon which pigment is deposited in later stage melanosomes
(Fig. 4.8). As the melanosome matures beyond stage II to stage III, catalytic enzymes are delivered
to it and initiate deposition of melanin upon and within the matrix of the melanosome until it finally
matures as the fully pigmented, chemically inert stage IV melanosome. In the living cell, the cata-
lytic enzymes are active only briefly in the controlled environment of the melanosome, when they
are needed for pigment deposition. During other stages of the cycle, their locations and functions
are controlled tightly by other molecules in the pigment cell, as discussed in Chapter 4. Stage IV
melanosomes are transported to the periphery of the melanocyte and transferred to keratinocytes
as discussed in Chapter 4 (Scott 2007; Byers 2006).

1.7 Melanin

Melanogenesis occurs within the melanosome. Failure of melanogenesis results in albinism. The
substrate molecule required for initiation of melanogenesis, tyrosine, is found in all cells; it is not a
limiting factor. The enzyme tyrosinase is normally the rate-limiting factor, and is sufficient to cata-
lyze melanogenesis in vitro. The biochemical pathway is relatively simple, as shown in Figure 1.14.
To prevent premature activity of tyrosinase in vivo, the cell maintains tight control over its process-
ing and routing to the melanosome, as described in Chapter 4. Genetic defects in tyrosinase itself,
encoded at the Albino or Color (Tyr, ¢) locus, constitute one class of albinism. Other causes of
albinism most often relate to the loci involved with processing and routing. As mentioned, mam-
mals are able to produce two chemically distinct types of melanin pigment: (1) black or brown
eumelanin and (2) pheomelanin in shades ranging from yellow to red (Chapter 4; Brilliant 2006;
Hearing 2006; Oetting & Setaluri 2006; Solano & Garcia-Borrén 2006; Figure 1.15).

Pheomelanosomes differ from eumelanosomes in structure, as well as color and the chemical
nature of the pigment (Ito & Wakamatsu 2006; Sarna & Swartz 2006). These differences result at
least in part from the switching off of several of the gene loci that are responsible for the production
of eumelanosomes, as discussed in Chapter 5, pigment-type switching (and see Barsh 2006), and
probably also in the availability of cysteine substrate.

1.8 Hair growth

As melanosomes mature, they are carried to the outer perimeter of the pigment cell and normally
are transferred into neighboring keratinocytes of the growing hair or feathers in mammals
(described in Chapter 4) or birds, and within the skin of humans. In the hair follicle, melanogenesis
occurs during the growth of a new hair. During anagen, the first stage of hair follicle development,
which lasts about 17 days in mice, the hair follicle extends deeper into and below the dermis, while
melanocytes in the bulb area of the follicle (Figure 1.12) transfer melanosomes into the growing
hair. Catagen, which lasts about a day, is a transitional second stage of the cycle, after the hair is fully
grown, when a basal club is formed that anchors the hair in the upper part of the hair follicle.
Telogen is the resting stage between cycles of hair growth. The length of telogen varies between a
month and several months, depending upon the age of the mouse and other factors such as genet-
ics, nutrition, or damage to the hair.

During the anagen or growth stage of the hair follicle, keratinocytes flow upward in the hair shaft
from the lower hair bulb where they are generated, while melanocytes in the upper hair bulb
synthesize melanosomes and deposit them from their long dendritic processes into the living
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Figure 1.14 (a) The melanogenic pathway functions in the pigment granule (pathway
simplified from Ito & Wakamatsu 2008; reproduced with permission of Wiley-Blackwell).
Enzymes are shown in boxes. The rate-limiting enzyme is tyrosinase; mutation at the Tyr
(Albino) locus reduces the amount of melanin that the pigment cell can make. In nonagouti
mice that are otherwise wild type at pigment loci, mutation of the gene that encodes
dopachrome tautomerase (DCT) results in slaty mice (below left, the one on the lower right
is Slaty, that is, mutant at Dct). Mutation of the gene with 5,6-dihydroxyindole-2-carboxylic
acid (DHICA) oxidase activity ( Tyrp1) results in brown mice (b, rear) (see also Chapter 4).
The mouse on the left in this picture is wild type. Pheomelanogenesis is primarily regulated
by a cell-surface receptor (MC1R) and its ligand, melanocyte-stimulating hormone (MSH),
that control whether or not the cell will make yellow pigment. Pheomelanogenesis is
epistatic to eumelanogenesis. The two pheomelanic mice (c) are (front) Recessive yellow,
in which the MC1R is mutant, and (back) Lethal yellow, in which the Agoutilocus that

encodes MSH is mutant (see also Chapter 5).

keratinocytes. The hairs become pigmented in an exquisitely reproducible fashion that reflects
the genotype of the mouse, type of hair, and its location on the body. The resulting hair consists of
variations on the theme of medullary segments, within which the melanosomes are arranged in a
ladder-like formation, surrounded by a cortex in which the melanosomes are more or less evenly
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Figure 1.15 Pheomelanic cat (known by some as ‘red’ and others as ‘orange’ and even
others as ‘marmalade’). Notice that the darker markings on this yellow cat are
pheomelanic, whereas the darker markings on the agouti cat in Figure 1.7 are eumelanic.

distributed (Montagna & Ellis 1958; Searle 1968; Quevedo & Holstein 2006). By the time the hair
emerges from the shaft of the hair follicle, the keratinocytes are pigmented, cornified, nonliving
appendages to the skin.

1.9 Hair growth cycles

In mice, new hairs replace the old in more or less predictable cycles of growth. The first hairs begin
to grow around the time of birth. After the first coat has grown, hair growth cycles can be induced
artificially by plucking or shaving. Normally, the second cycle of hair growth begins at about 7-9
weeks of age. Thereafter, cycles of hair growth occur every few months. It may take about 2 weeks
to fully replace the coat of hair. The process begins at the head of the mouse and proceeds caudad as
a wave of new growth. During this time a continually changing pattern of pigmentation is usually
more or less obvious, depending upon how much the newer hairs differ in appearance from the old.

Natural molt patterns may be caused by age-related genetic changes in the new hairs, or simple
wear and tear of the old. In some mutant phenotypes or strain backgrounds, it is normal for
pigmentation to change with age, sometimes resulting in rather dramatic molt patterns, especially
at first molt (for example, Lamoreux & Galbraith 1986, and Fig. 5.4). Even if there are no devel-
opmental differences, the black or brown hairs can become rusty-looking with age, presumably
because of the bleaching effect of saliva through grooming, and urine in the cage, so that a mouse in
the middle of a hair cycle may have a pattern of shiny black or brown new hairs that contrast with
the rusty-looking hairs, farther back on the body, that are yet to be shed. Similar patterns can be
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created artificially by injection (during the hair growth cycle) of substances that alter pigment
phenotype (Chapter 5). The artificially created pattern will be maintained until the subsequent
natural molt, when the mouse returns to its genetically determined phenotype. Patterns created by
hair growth cycles are secondary to the hair cycle itself. Therefore, strictly speaking, they are not
primarily the result of action of ‘pigmentary genes,” but are nevertheless important to interpreta-
tion of pigmentary genetics for a couple of reasons. First, it is important to recognize the difference
between phenotypes that are under direct genetic control, and those such as the hair cycle patterns
that may not be directly relevant. Second, the hair cycle pattern of mice illustrates the need to be aware
of differences between the physiology of humans and of mice that must be taken into consideration
when interpreting data. The molt cycle of mice differs significantly from the condition in humans.

1.10 Embryonic development of the pigment cell lineage

Development has no beginning, and we hope it will have no end, technology notwithstanding. For
an individual organism, development begins with the zygote, product of the fusion of a haploid
sperm with an egg that carries a haploid set of chromosomes plus the extensive egg cytoplasm that
is rich in nutrients and proteins. These proteins, encoded in the genome of the mother, make pos-
sible the maturation of offspring by providing enzymes and cellular biochemical structures that
support development, from organizing the zygote to mitotic cell divisions and the early steps
of cleavage, with the formation of the primary germ layers.

The pigment cell lineage of melanoblasts that mature into melanocytes arises after these earliest
events, during the transient emergence of the neural crest as described in Chapter 3. The odyssey of
neural-crest-derived pigment cells begins when neural-crest cells delaminate from the dorsolateral
portion of the neural tube, in the mouse just before or as the neural tube closes. Melanoblasts
(immature pigment cells) migrate, while replicating rapidly, along complex pathways. In mice, as
the hair follicles develop concurrently with pigment-cell migration, the melanoblasts home to the
follicles, leaving the interfollicular areas nearly devoid of pigment cells. Some melanoblasts then
enter the bulge area of the follicle and others differentiate in the bulb region to pigment the growing
hair as described above. Melanoblasts also migrate through the head and to the nose, eyes, ears, and
even the heart following equally specific migratory pathways. The retinal pigment epithelium (see
Chapter 3) is exceptional because it is not neural-crest-derived, but is induced directly in the neural
tube.

1.11 Pigment cells in culture

Pigment cells of course develop normally in the tissue environment, not in cell culture, and there
are differences between the cell culture requirements and biochemical properties of mouse and
human melanocytes. Additionally, the mature pigment system of mice differs somewhat from the
human pigment system in vivo, as do some of its functions and associated functional genetics
(Sundberg 1994; Green 1966; Boissy et al. 2006; Montoliu et al. 2009). Therefore, it is wise to fully
define the genetics of biological materials, human or murine, and to use caution when attributing
results across species or genomic lines. That said, the unparalleled availability of murine pig-
mentary tissues and melanocytes that are inbred and genetically controlled provides a powerful
tool for dissecting the basic mechanisms of melanogenesis at all levels, from the cell to the
organism (Nordlund et al. 2006). Comparative mammalian genetics, especially at the molecular and
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phenotypic levels, has become highly sophisticated; information from the human and other species
is informing mouse studies, and vice versa.

1.12 Conclusion

The remarkably choreographed accomplishments that result in development and differentiation of
pigment phenotypes are made possible by an intricate web of tissue interactions and cellular signal-
ing pathways that direct the functions of the pigment cells at every level of organization from the
gene to the whole organism. Through chemical messages received from the environment and re-
cognized by its own information-processing pathways, the pigment cell regulates the genes that
direct the necessary cellular processes. Because pigment cells are easily observed, and their absence
is not lethal, the pigment phenotypes provide an unparalleled model for the study of cellular com-
munications and interacting signaling pathways as they function to bring about observable pheno-
types summarized above. With the genomes of several species now sequenced, and others rapidly
joining the databases, we are in a position to evaluate the pigmentary system using reductionist,
phenotypic, and comparative methods in parallel.

Figure 1.16 Two dogs that are mutant at different loci influencing the choice between
eumelanic and pheomelanic pigmentation (discussed in Chapter 5). The dog to the rear
(but leading the pack) is a chimeric mix of eumelanic and pheomelanic pigmentation
resulting from mutation at the K (Canine B-defensin 103) locus. In this case the eumelanin/
pheomelanin switch is regulated via the keratinocytes. See also Figure 5.13 for a better
view of the pattern. The dog in the foreground is mutant at the Agouti (A) locus that
regulates the eumelanin/pheomelanin switch over the body and on each hair via the
genotype of the mesoderm. Other loci that influence the switch are listed in the Appendix
of this chapter, and in Chapter 5. Photograph courtesy of TheOneCreation.



20 PART | INTRODUCTION TO THE PIGMENTARY SYSTEM

Appendix: color loci of the mouse
Introduction

This appendix lists all of the loci that have been reported to contribute to pigmentation to date. For
further information and updates we refer you to:

« the Mouse Genome Informatics (MGI) database maintained by The Jackson Laboratory (JAX),
www.informatics. jax.org/;

e the International Federation of Pigment Cell Societies (IFPCS) Color Genes initiative,
www.espcr.org/ micemut/, maintained by the European Society for Pigment Cell Research
(ESPCR) (Montoliu et al. 2009).

Specific (mostly classical) mutant loci are discussed throughout the book in the context of their con-
tribution to phenotype. These sections can be identified in the text because they have headings that
look like the one shown here (e.g. see Chapter 4), and they are listed below in alphabetical order by
locus name.

Silver (Si, Pmel17, Gp100)
MGI lists one spontaneous phenotypic allele
Availability: JAX, CMMR, MMRRC

In such headings, ‘Availability’ refers to the facilities where various resources (mice, frozen
embryos, etc.) are available. We use abbreviations for the facilities, and these are listed below.
Besides the main ones (JAX, HAR, ORNL, MMRRC), quite a few other centers that have prolifer-
ated internationally with the availability of modern genetic technology (see Chapter 6). These are
listed in full by the International Mouse Strain Resource (IMSR), sponsored by the MGI:
www.findmice.org/fetch?page=imsrStrainRepositories.

CARD Center for Animal Resources and Development
CFG Consortium for Functional Glycomics
CMMR Canadian Mouse Mutant Repository
EMMA European Mouse Mutant Archive

HAR Mammalian Genetics Unit, Harwell

JAX The Jackson Laboratory

KOMP Repository Knockout Mouse Repository

MMRRC Mutant Mouse Regional Resource Centers
ORNL Oak Ridge National Laboratories

RBRC RIKEN BioResource Center

TAC Taconic

TIGM Texas A&M Institute for Genomic Medicine

Following is an index to the specific mutant loci, listed by phenotype-based name, that are discussed
in the text of this book.
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Index of mutant loci discussed in text

Agouti (A, Nonagouti, a)

Albino (C, Tyr, Tyrosinase)

Ashen (Ash, Rab27a, RAS oncogene family member RAB27A)

Beige (Bg, Lyst, Lysosomal trafficking regulator)

Belted (Bt, Adamts20, A disintegrin-like and metallopeptidase
(reprolysin type) with thrombospondin type 1 motif, 20)

Buff (Bf, Vps33a, Vacuolar protein sorting 33a)

Cappuccino (Cno)

Chocolate (Cht, Rab38, RAS oncogene #38)

Cocoa (Coa, Hps3, Hermansky—Pudlak syndrome 3 homolog)

Dilute (D, Myo5a, Myosin Va)

Dilute suppressor (Dsu, Melanoregulin, Mreg)

Dominant black (K, CBD103, Canine -defensin 103)

Dominant megacolon (Dom, Sox10, SRY-related box 10)

Faded (Fe)

Gpnmb (Glycoprotein transmembrane NMB)

Gunmetal (Gm, Rabggta, Rab geranylgeranyl transferase, o subunit)

Kit (c-Kit, W, Dominant white spotting)

Leaden (Ln, Mlph, Melanophilin)

Lethal spotting (Ls, Edn3, Endothelin 3)

Light ear (Le, Hps4, Hermansky—Pudlak syndrome 4 homolog)

London gray (Lgr)

Mahogany (Mg, Atrn, Attractin)

Mahoganoid (Md, Mgrn1, Mahogunin ring finger 1)

Microphthalmia (Mi, Mitf, Microphthalmia-associated transcription factor)

Mocha (Mh, Ap3d, Adaptor-related protein complex 3, delta subunit)
Mottled, Mosaic, Pewter, Atp7a (ATPase, Cu**-transporting,
o polypeptide, MNK, Menkes protein)
Muted (Mu, Txndcs, Thioredoxin domain containing 5)
Ocular albinism 1 (Oal, Gpr143, G protein-coupled receptor 143)
Pale ear (Ep, Hps1, Hermansky—Pudlak syndrome 1 homolog)
Pallid (Pa, Pallidin, Pldn)
Patch (Ph)
Patchwork (Pwk)
Pearl (Pe, Ap3b1, Adaptor-related protein complex 3, B1 subunit)
Piebald (S, Ednrb, Endothelin receptor type B)
Pink-eyed dilution (P, Oca2, Oculocutaneous albinism type II)
Pro-opiomelanocortin (POMC)
Recessive yellow (E, Extension, Mc1r, Melanocortin 1 receptor)
Reduced pigmentation (Rp, Bloc1s3; Biogenesis of lysosome-related
organelles complex-1, subunit 3; Blos3)
Ruby-eye (Ru, Hps6, Hermansky—Pudlak syndrome 6 homolog)
Ruby-eye 2 (Ru-2, Hps5, Hermansky—Pudlak syndrome 5 homolog)
Rump white (Rw; not Rumpwhite)
Sandy (Sdy, Dtnbp1, Dystrobrevin-binding protein 1, Dysbindin, Hps7)

Chapter 5, page 197
Chapter 4, page 146
Chapter 4, page 175
Chapter 4, page 170
Chapter 3, page 122

Chapter 4, page 165
Chapter 4, page 166
Chapter 4, page 165
Chapter 4, page 168
Chapter 4, page 175
Chapter 4, page 175
Chapter 5, page 204

Chapter 3, page 93
Chapter 4, page 162
Chapter 4, page 146
Chapter 4, page 171

Chapter 3, pages 98 and 118

Chapter 4, page 175
Chapter 3, page 102
Chapter 4, page 169
Chapter 4, page 162
Chapter 5, page 203
Chapter 5, page 203

Chapter 3, page 94
Chapter 4, page 163
Chapter 4, page 154

Chapter 4, page 168
Chapter 4, page 153
Chapter 4, page169
Chapter 4, page 168
Chapter 3, page 118
Chapter 3, page 126
Chapter 4, page 164
Chapter 3, page 102
Chapter 4, page 156
Chapter 5, page 202
Chapter 5, page 194
Chapter 4, page 168

Chapter 4, page 169
Chapter 4, page 169
Chapter 3, page 118
Chapter 4, page 168
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Silver (Si, Pmel17, Gp87) Chapter 4, page 140

Slaty (Slt, Dct, Dopachrome tautomerase, formerly Trp2, Chapter 4, page 152
Tyrosinase-related protein 2)

Splotch (Sp, Pax3, Paired box gene 3) Chapter 3, page 91

Steel (SI, Kitl, Kit ligand, SLF, Steel factor; MGF, Mast cell growth factor; Chapter 3, page 100
SCF, Stem cell factor)

Subtle gray (Sut, Slc7a11) Chapter 5, page 204

Tyrp1 (Brown, B, Tyrp1, Tyrosinase-related protein 1) Chapter 4, page 150

Underwhite (Uw, Matp, Membrane-associated transporter protein, Chapter 4, page 158

Slc4saz, Solute carrier family 45, member 2)
Cloned and uncloned loci

Table Al.1 shows a summary of the cloned mouse color genes and Table A1.2 gives a summary of
the uncloned mouse color genes.



awolpuAs yeys
—Bunquapieep

S}08J8p 1S8.0 [BINdU
J8Y10 pue uojooebaw

(Bumods pregaid) g

‘aseasip bunidsyosiiH zebel guNa3 Joydaoas gN@3T ‘Burnods alym y1  ©adA}i0idedal ulsylopus (s) quupz
awolpuAs yeys J10]08} S}09J9p 1S8.0 [BINSU
—bBinquapieep uolneiualayIp pue ymmoihb J8Y}0 pue uojooebaw (Bumods
‘oseasip bunidsyosiH g1boz ENgF  1se|qoinau/ise|qoue|ay ‘Buniods auym 4 [BYia]) € uljdyIopus (s1) eupg
(leyse| [ereunad) yay jwj
yiqg Je us [esiop Jou a|9|[e ‘| swAzus
N 2loed; 1303 sIsayuAs uljsyiopusy BAAN Ul S8}Ao0ue|aW ON ¥ BuiieAu09 uljBylopus 1803
pajuswbidiadAy
oo} abueyoxa oJ)iA Ul sejhooue|ow
apnoajonu aujuenb Ajwey 1ng ‘Iny pajuswbidodAy (bruoow ‘Aisiw)
N eledl /M00a -oyy passaidxa Ajppim ‘Bunods anym [eisig ¥ /SISBUDIOIAD JO JojeDIpap (Juw ‘w) px100g
Jossaiddns uoneuswbid abiyzuwy
190UEBD JSEBIg Lgbz1 LVYOHg Jowny Lredal yNQ unBjs [ewouqy Ll 9|9||e ‘| J90UBD ISEdIq Leoig
1100 sisodAjod Jojoe} uonduosuely yoled peay pue yeyzuwj a|9|e ‘1100
snojewouspy 2'eebg odv ‘joleipaw Aemyied Jupy - aduis yiep [esiop [ejeusaid gl  sisodAjod snojewouspe ody
(pa¥2q) 0z ‘row
| 8dA} uipuodsoquioay}
yum (adAy uisAjoidal)
¢uonelbiw jsejgouesw urewop asesjoldo|elaw
N cibzL  ozsimvay ‘asesjoidojela|y }eq 8Hym Jequin Gl pue ulbBejuisip e (19) ozsiwepy
L} urewop
sua}o.d aA}oBOIg SNOLEA sliey aseajoldojelow
N Gedz YAY .\ Za\"4 Buissaoo.d ‘ases)old ul uoireuawbid Jeinba.l| 2l pue uubsjuisip e /lwepy
HLOV SS89x8 ybnouyy slaplosip ueblio
uoneluawbid osye  Jayo ‘eisediadAy jeusipe
N 1'gebol asy Aew {Buiddeo aiswo|a | ‘uiys pajuswbidiadAy 8 eise|dsAp |eoiooouslpe poy
jwawnbajul Buinjoaul — Juswdojanap aykoouep (V)
awosowouyd loquiAs suolouny awosowoJyd
awoJpuls uewny uewnH uewnH |eaibojoiq/ienasjop adAyouayd jueinpy asnop\ (dweu pjo) aweN (joquwAs pjo) joquAis

$oua3 J0[0D 2SNOW PIUOD A JO ATRUIIUNG

"IV 9Iqe L



g01d o1 (s)daNa3
ue wouy Ajqissod

(se1ho0ouejpW
jo uoneJsyijoidiadAy)

(0L unis
3iep ‘| unis sep) ben
Hungns uigjoud Buipuiq

10940p J9jo1e|d 9|qISSOd lcbe OVND ‘uoljonpsuel} [eubis unis siieq 64 -epnosjonu suiuenb  (04ysq ‘1xsq) beun
(lewsa
[ereuisod snobAzowoy)
uoissaldxs 0L XOS S109}0p WalsAs
SJ8Y}0 pue salipow ‘Aemyred SNOAJBU {}j8q Jequin| €17 Jequisw
awoupuAs |leH-iaisiied LyLds €I7o Boyabpay ui buieubis 10 yoyed Ajjaq 8HYM €l Anwey jaddniy-| o eno
BaWoIpUAs 1exeieq
‘awolpuis aseas|p uopisodap
[euas pue ‘ssauyesp wawbid seinbalil ‘lrey
[eIndulIosSuas [ewJouqe {saal||04 Jiey ASDHgW] d|9|[e
‘wsipiosAyreredodAy 1do} evIvD Jojoey uonduosuel | Ul S||99 9YI|-Wa)s Blix3 2 ‘e uigloud Buipuiq v1vO gelen
(dpn o0s) 1800 eNLw)
| Ayredounsaloaiiin dAN 10/pue G 1 NM 10} paJan|is 1o b1 Buipnjoul a|9|e ‘(ejiydosoiq)
aAllepnx3 Zvibry rdz4  Aeaneind ‘Joydedal | NM saljiewiouge Auep /  Bojowoy pa|zziy Pz
aueIqWBW JuBWSSE( JB L 14-Aw
suonoeIBul [eWAyOUSSaW 1IN} 8)IYm J0 PaIo|oIsIp JO 9l9||e ‘g ulejoud
—leleyuda Ajqissod sayojed ‘ejweyiydoue XUJeW Jejn||aoelixe
OWOIPUAS JasElH e'elbgl b ‘uielold Jejn|j@oeix3 Jelwjeyydosdipy e pajejal |sel guwalH
(sarey woys Aian + ajoho
Jrey [rewdou ‘ssod) uiys
1810 A|mo|s [anel 1ybi| (anem Buijanen) m;
N Z'Lib/1 LNXO4 Jojoe} uonduosuel | MIEp JO SBAB\\ 'SSO|IleH gt 3|38 ‘LN X0q peayio} (m1) Luxo4
BWOIPUAS JayIeld (s10840p 2 J01dooal
‘aWoIpuAs uoznol) 9zbo | ZH4D4 10}da981 J0}0B} YIMOID) Jay1o Auew) umys 4a1ybin / 10108} ymolb ise|qoiqi 24b4
(018 Alf10EpPA|0d) Subip
N 2vibg INT Jojoey uonduosuel | Jo uonejuswbidiadAy 1 | pajielbus Lug
(g upys yep) Joydeoal
N gz1dz Y403 J0)dada1 J0}0B) YIMOID) upis yreq L1 J01oe} ymoub rewsspids (oxsa) 463
awosowoayo loquiAs suoljouny awosowoayd
awoJpuis uewnH uewnH uewnH |eaibojoiq/1e|naajopn adAjouayd juenpy asho (aweu pjo) aweN (joquws pjo) joquis

(puoD) 1TV 9IqeL



N

xa|diyinw
BwolsAoolesis

2 9dA} eyusbuod
elyoAuohyoeq
uouue)

jJo snaaN abuodg anym
suswalg

0 BS0||Ng SISOAUIYD|
sisojesaytadAy
onAjowlapid3

N

awolpuAs plegaid

N

| adAy
awolpuAs lswysg
-Iqejon-uosdwis

gLetbzl

2'bsy

gLetbzl

gib—11bzL

glbzl

zebzl

gib—1by

gz Lidol

geeegbol

2'vebl

2'9gbx

cLdsl

G/18M

ZE1EM

v.LEM

ve1dM

FLEM

OTLIM

LIM

LGOI

STI3H

191HdD

£0d9

LIYND

U0}a|8%S0IAD

[NOETEN0}V/C)

U0}a|8%S0IAD

uo}8|8%S0IAD

[NOETENe)V/C)

1010B} UOIIBIIUBIBHIP
pUE YyImolir)

[eAIAINS

1se|gouejaw 10} paiinbal
£1010B} ||99 Wals/puebi|
11 10} 10}d808Y

uonelBiw ‘uswyoeie
||80—101d8281 uld8BUoIqI4

Burous|is
auab ‘uonejAylew YNQ

uoponpsuel [eubis
(HOLd yum eaedwoo)
Buipuig-HHS enreind
‘uielold suelquiaw
Je|n|j@oe.ixe payull-1dD
(s)uNna3

ue woly Ajqissod
‘uononpsuel; [leubis

Buidwn|o juswbid
a|gelBA UIM S108)ep JieH

sa|nuelb
ulue@W palaisnio
Ylim siiey [ewlouqy

10]02 1802 pPalnip ybug,

us yeq

unys yeq
Aousiolep |180-wiab pue
elwaue ‘Bumods slym

AKouaiolep ||99-wisb pue
elwaue ‘Buijods alym
10848p UoneIBIW

18810 ‘uoneluswbidodAy
Ayored jusisuel |
uoissaidxaiano g1.d

‘P10 PG | Aq Buikesb
sapnjoul Buiabe Aueg
sJaylo ‘epiyiq euids
‘10ds A|jaq [euoiseso0
‘Sug| pale|onde A

Bumods

Alleq pue [ejsip Jueujwoqg
(se1hoouejpw

J0 uoneJsyljoidiadAy)
upjs yieq

Gl

L

Gl

Sl

St

ot

6}

ol

o uwy
a[o|[e ‘G/ unelay

noo | ui
a[ol[e ‘L | uleley

¥ uneiey
(zunisxep‘zL-g
uneIsy) g uesay

(21 unis Jep) | uiesoy

(19818) pueb| 1y

(Bumods anym)
auaboouo 1y

Jod Lwy
afo|le ‘g unbaul

oly0ads

ploydwA| ‘eseoljay
(sus| paiejonoen)
19} Joideoal
pajdnoo-uisjoid 5

abuy | w)

al9||e ‘¢ ueoldA|b

(£ unisyiep) 1B
Hnungns uigjoid Buipuiq
-ap1jos|onu sujuenb

G2

LM

vHM

(225@ ‘2 1-21)) 2K

(e11sa) Ly

(18)

(M) i

196y

SIIeH

(1n) L914dD

godn

(£4s@) 1 1eun



alym Ajlenjuane
‘OM LY2I10N yim Aeub e

sal|jlwey ‘sejhoouejow
pabber pue eyaq 0} pajebliel Oy usym (Byiydosouq)
| swolpuAg ayj1bey zi1dp ZHOLON ul spuebj| Joy 10}daoey ‘sirey Aeib paieneos e 2 Bojowoy suab yojoN ZYo10N
sal|iwey sajhoouepw
pabbep pue ejaqg 0} pajabliel Oy usym (Byiydosouq)
N e'vebe IHO1ON ul spuebi| Joy J0)deosy ‘sirey Aeib paieyeos 2 | Bojowoy susb yojoN LYoION
(819-1810Wo0.1d
uonelayljoid Llup Aq parebiel
1199 o Joje|nbal peay O uaym) susboouo
12'vegbsg OAN ‘101084 Uonduosuel | jou ‘Bunods Arejuswbid Gl sisojewo}AoojaAw AW
sajfoounelay umoiq
ul passaldxa ‘uigioid 161 0} sebueyo Juswbid (1eoo ybnou sjg|e) €
N eeebll €1ZdW uoIsaype sAleINd OB|q ‘SSO| 9101||04 JIeH 6 ayl|-018z utsjoud uleAw (o1) g1zdpyy
abeaul| a1ho0uejpWw (elwreyydoioiw) Jojoey
2 8dA) swoupuAs Jo Jojye|nbal Jssew saka Juasqe 1o uonduosuel} pajeloosse
Binquapieep y1-g1de HLIN 110308} Uonduosuel | |rews pue Bunjods snym 9 -ejweyydosoiw (w) Juw
(s109)0p |BIOINRYDQ
pue) Jiey ajym pue (Jo|ppeM-lunLIEA)
N ggedl ENTOOW [ouuBYO UOIBD  PAIN|IP ‘[BW.IOU JO SBYDled € € uidijoonw (BA) gujoopy
umajo|e
uonisodwoo pidi| ‘1 aus ‘esepndad
aueiqwaw jo uoieinbal (¢ yreap ajkoouelsw) aseq 10108} Uonduosuel}
N  L'peb-gegbol 1Sd1an ul paAjoAul eseplided SHym yum Iiey pain|ig 8 punog-suelquawl Lsdigny
(1oya1p)
1ods Aj|aq Jo/pue }jaq 10| 10joe} uonduosuel}
N €2-2ebl VIXNT Jojoey uonduosues | SHyMm 8}9|dio0 J0 [erled b X0qoawoy NI (p) erxwy
bny Lun
Jojeipaw uluayed-g/up uluejaw Bupyoe| sajol||0} a|a|le ‘| Jojoe} Bulpuiq
SBWOUSPE SN08JBYaS Geby 1437 ‘1010B} Uonduosuel | Irey padojanapiapun € Jaoueyus pioydwA| 1497
awosowouiyo loquiAs suolouny awosowoJyd
awoJpuls uewiny uewnH uewnH |eaibojoiqg/ienasjop adAjouayd jueinpy asnop\ (aweu pjo) aweN (joquws pjo) joquAs

(puoD) 11V 9IqeL



¥ ‘g sadAl swoipuAis
Binquepieepy

2 8dA1 swolpuAs
Binquapieep

N

BWojSe|qounay

eunuusidewld yim
ejwaulueejAusydiadAy

s1apJosIp 84s 48yl
BlpuIuY

¢ adA) swoipuAs
Binquapieepp

‘| adA) swolpuAs
Binquapieep
sisoipiyue

yum ‘leyusbuod

L'elbzz

|1bg

€'Gebg

LLlebs

Z'Sidy

Zyibel

1-2gbol

gLy

gebz

L'egbl

0LXOS

clVYNS

ENXHS

oevn3s

(HNSdgH)
rdad

g4

Lagod

IXvd

exvd

IMHLIN

10108} uonduosuel |

Jojoey uonduosuel |

Jauled aye|AxoqJeon |

uois|ndai
UOXE 8jeIpaw Ued
‘101084 Bulieubis palaidas

ale} ||90 pue Buijeubis
UOJON 4O Jojeipaw
‘10108} Uonduosuel |
AUAIOE UOIJBAIJOBSUEI}
423 sessaiddns
‘Joyqiyul-yimoi
uojoeIaUl

Aemyyed | N @ouBy
‘(LINH) 1401 Jo Jouped
Buipuiq pue wsijogelaw
auluerejAuayd ylog

Jojoey uonduosuel |

10108} uonduosuel |

10108} YyImoih
9AJBU 10} 10}d828100)

S109J0p 1S8.0 [BINdU
J8Y10 pue uojooebaw
‘Bumods auym

sjoajep uebio Jaylo pue
1S8.0 [BINaU ‘UIS pue Jiey
oled ‘eze|q pesy ‘Buiiods
(018 BIWIBUE

‘|re} paxa|} pue) jods Ajjog

suebio

leutsjul u yuswbid o1dojos
‘uonejuswhidodAy

uiys swos

paioayje Jou sajkooue|aw
Jaylo ‘Bulusiiym ey
2In}no

ul uonelayljoidiadAy
a14o0ueja

elweyydosoiw

pliw ‘jods Ajjeq
‘uonejuswbidodAy piin
Bumods

SHYM [BIJUBA/[BISIP OS[Ee
‘JdY paonpal apnjoul
UBd salji[ewlouqe 843

S10848p 1S8.0

|ednau ‘yolo(ds Ajjaq auym

(suoisa| upys ‘s1o8jep
|eAnau 0S|e) 1802 PajiloN

St

9l

€l

14

ol

(uojooebow
Jueulop) 0} dush
Bulureluoo-xoq-A4S

bn|g/z Bojowoy |reus
(irey

paxaly) | UIxajosepiS
o¢

(uoydewss) ‘palaloas
‘urewop aiseq uUoys ‘(6])
urewop uijngojfounwiwi
‘urewop ewas

(O pa1ebiel A ) uoibal
> ulingojBounwiwi

Joj urgyoud Buipuiq
|eubis uoijeuIquo28.

(uonajep pejebiey)
| BWO}SE|qOUI}a)
(1401) 0| 1010y

Jeajonu ejAoojeday jo
10}0BJ00 UoleZIaWIP
/esereipAysp
aujwe|oulqed oy uusid

(aha |leWS)
9 auab xoq paired

(yoyods)

¢ auab xoq paied

| 8dA} ‘10)dada. ‘eseury
auIsolA} olydosjoinau

(wo@)o1x08

cgleus

(4) Luxys

ogBWES

(Mr-da4) lday

L

1Pgod

(Aa3) 9xed

(ds) exed

(VL) PHIN



ureigpuly (equinyj) g wnjjegai8d
G Ajeydsouasoidojoy 2ebg| 2017 Jojoey uonduosuel | ‘Irey Auno “jods Ajjeg 1 8y} jo ugloid sebuily ouz (ny) go1z
10108} uoneuswbid
N ¢ é uonduosuel} ss|quiasay up|s rewlouqy s €6 uisjoud Jabuyy ouiz folelelivd
S9|01||0} [BWLIOUQY "SIleY
punoJe SIWIap Jep ‘uns
siep {(punoibyoeq ureis /| Buiureyuoo urewop
N €1-9ed| /149197 Jojoey uopduosues | paxiw) }eod pauadieq 14 €14 pue sebuy ouiz ZLqiqz
BEIUM pue
HUM ylog Buiyjoe| o1w
uaboyd.iowyi0ioe} ul sisejqouejaw Buipnjoul V€ a1is uonelbaul
N b1 VELINM Yimous 1S8J0 [BINau JO S108)8( Ll ALNIN palejal-ssa|Buipy BoIUM
BEIUM pue
UM ylog Buiyjoe| o1w
usboydiowy/iooe} Ul sise|qouedBw Buipnioul | 8)s uonelbajul
N elbzl LINM yimoin 1S8.0 [elnsdu JO S10849Q Gl AL parejal-ssa|Buim Hum
[eyig|
jereuisod {s8|1jj0} Jiey
onjoipiyue a¥-4N pakejop/may ‘unys ajed 9 Jojoey
‘eise|dsAp [ew.ispolo] FAK I 94vH1 0}V || wouy Buijeubis Buipnjoul sjoaye Auepy 2 pajeloosse-101dadal jul ogjel]
Arejuawbid Buipnjoul
S}09§8p 1S8.0 [BINdU 02-dV
N edg vedv4l Jojoey uonduosuel | sanib Oy palebiel- LJup el Jojoey uonduosuely ezdejo|
oB ¥ Ylm useped
10|09 [BJJUBAOSIOP paId)e
N c1dy [I5%:1 Jojoey uonduosuel | ‘lelo|oys ‘adeys Jeg e (4ea Adoolp) G| x0Qg-1 (8p) g1xq1
(oqur
uolssaidxs 91dojos)  s10840p |elnau pue ajeed
N zelby 01Xg.L Jojoejuopduosuel|  ‘Jes {(8|qeliea) jods pesH 6l (190uBQ) 0 XOQ-L (0a)oixqL
(1ossaiddns
Aemyred Boyabpay)
aleIpawlaiul *UIYS UO SUOIS?| (Byydosouq) Bojowoy
BWO}Se|qo|INpaN 2evebol n4ns Buleubis ojwse|doifn 1180 [eseq ‘irey yJep ‘SND 6l pasny jo Jossaiddns nns
awosowoyd loquiAs suonouny awosowoIyd
awoJpuls uewny uewnH uewnH |eaibojoiq/1enasjop adAjouayd jueinpy asnop\ (aweu pjo) aweN (joquwAs pjo) joquAis

(pawoD) 1TV OIqeL



| SISOJBWOIqI0INaN

aSBesIp 810N

N

2 adA] ‘erelound
eise|dsApolpuoyd
dlwoziyy

AleydeoussoidojoH

N
eise|dsApolpuoyd
{0 ‘gy sedAy
‘AifyoepAyoelg

BWoIpUAs
sisodAjod ajluaanp

2 by

v Lax

gibz1

e Leby

g'sebsL

zeelbsl

zerbl

€e'12gbe

Lierdsl

yeb-gzby

€'2ebol

LN

ddnN

yagw

cllcavin

aarwr

L4749

1VdND

LSVO

8daMd

glddng

Vidding

(uiwouqijoinau) uisjoid
Buneanoe-ased | o sey
9sBeasIp alLION uewny
Ylim pajeloosse os|e
Sdd1pue yqzd -10108}
Je|njj@oeuixe axil-g4o L

Jredal yNQ
‘YNQ@ pareldyiew spuig

Buireubis g4 1
‘uonjeulwislep 8ley} |80

Joje|nbal reuonduosuel}
{sauolsly salejAylawaq

Jossaidal jeuonduosuel |

awAzug

ymoub nqiyui ‘buireubis
Boyabpay soueyus uen
sisojdode

uqiyui ued Jiouquyul
ulnauloed snousbopug

lojdeoay

Jojdeoay

(Aemyred

sey) elweyydosoiw
‘soka pajuswbidun ‘lews
salhoouejaW |BlIS

10 yimouBiano pue 34y
Jo uoneuswbidiadAy
Buipnjoul sjosyep Auepy
(Rurewel

oluoAIquis 81048Qq)
uonejuswbid [eunas mo

Aujeyis| oluokiqus
jo awi Aq 3dY 4o ol

asou Ul 34y o1dojos
‘saka Y10g,/auo Jo oe

elwjeyydotoiw
‘eise|diadAy 34y
elweyydosoiw
‘ABojoydiow

3dY lewlouqy

BUIBI [BINBU

0} sejeluaIaipsuel) 34y

elweyydoue
/eiwreyiydosony
uonejuswbid

ul Aununuoosip yum
3dY [ereuaid [ewlouqy
uoneuswbid

ut AUnunuoosIp ynm
JdY [ereuaid [ewiouqy

L

L

L

gl

8

€

14

| SISOjewo.qyoInau

(Bigm Lwy ojo|E)
Bojowoy aseasip alION

} lungns

x8|dwod Jojelpaw
oBN [ wj 8|9||e ‘(suebsje
Siipqeyiouse))

Z M-Lg-geiN

Qo Lw;

al9|e ‘9 Bulureyuoo
urewop lluownp
(dvooyuy 06+d)

| Jojoey Buipuiq YNQA
Joydeoa1 p102110000N|H
Isnppwyp s|e|re
‘aselsjsuel}jfoe-0
ajeydsoydauoiadA|b
uewj aje|e

‘| oiyoads 1sauie yimoih

L iwyele|e

‘g utejoud Buipuig 90GM4
jwy Lwy ope|fe ‘gL odAy
‘10)daoa. uisjoid
oneusboydiow auoq
ygrwj eje|le 'y adAy
‘101da28. uisjoid
oneusboydiow suoq

N

apN

Lpam

clleqen

gplwp

HHD

Jedun

158D

84y

quidwg

elidwg

1ed Jo/pue aAa Ajpueuiwopaud :Juswdojanaq (9)




SLIB[NOSEeA
Bls jo uonejuswbidiadAy

(eoag3) pue Buiuayoiyl 2 loideoal ereydsoyd
N zeldsl cHd1S Jojdsoey apnjoul sjoejep Jeg 6 -|-euisobuiyds (66p3)zidLS
suigjoid uoisaype-||9o 1obw;j s|a|e
ajluaAn| ‘payull-x 0} saibojowoy 3dY ul uonejuswbidep ‘(uewny) | (spuaanf
‘I sislyosounley €l'zedx L1SH ‘uigjoud [eunay Jo sayojed |ews X ‘porull-X) sisIyosounel 1S
uonduosuel)
palelpaw-437 -ulualeo-g 3dY papjo} buipnjoul
N e'1egbgt LODAd 10} 10}0BJ0D) S108}9p J8Y10 pue a3 6 | sndobAd 106/
jidnd ojuoAiqws punose
uoneuswbidiadAy ¢ J0j0e} Uondiosuel}
UO[JEIUBIaHIP [BUOINBU Buipnjoul UlBWopoawoy
Joelejed [ejuabuo) gevebol E£X1Id  SNO ‘Jojoej uonduosuel | saljjew.ouqe 843 6l a1|-paded (re) exid
1 gy jo uonrejAioydsoydap Adwnp Aidwny
sl pue | asejeydsoyd 3dY Ul symmoubino al9||e ‘¢ J0je|nbal
N g'ged| PH1DOVHA uiajoud jo Jojejnbey ‘yimoiBiano 1se|qoinaN ¥ unoe pue asejeydsoyd (Apwny) pioeY4
Buial apndadAjod 9 ‘lojoey
N Lzeby 049ad Jojoey ymmoin 8y} ui sjods pejuswbideq € uimolB panuep-iajeleld 9jbpd
elweyydoiw ‘Jdy
|ew.Iouge apnjoul sjoaep apndadAjod g ‘1010e)
ewolbuluay 1'e1bzz g49ad 10}OB} YIMoJID) a/e pue Jejnosenoipie) Sl ymmolb panuap 1ojere|d qibpd
anJau ondo
ojul Bulpualxs |89 34y
N Levebol axXvd Jojoey uonduosuel | Buipnjoul sjosaye Auepy 6l 2 duab xoq paJied axed
Bullal [ednau ul Ayjuspl
JdY 9onpul ued ‘1030e} eise|diadAy 344 (Bjiydosouq)
xa|dwoo eiyreubsiq [Kordeidt 2X10 uondiosuel} a)I|-xoH Buipnjoul s1oaye Auep 1 g bojowoy sonuspoyuo 2xXio
QouBULlUBW
189 wisls ‘yNQ O} 3dd (901814 BJ2|[B) | JOqUIBW
OV(QH SHnioal ‘Jossaides  pajiow pue [esujewwAse ‘3 dnoJb ‘g Ajiweygns
N 12bo 13ZHN |leuonduosuel | ‘s108)0p 948 pue uleIg 0l J01da0a1 Jes|onu (o) LezIN
awosowoayd loquiAs suorouny awosowoJyd
awoupuis uewnyH uewnH uewnH |eaibojoiq/1einasjop adAjouayd jueinpy asho\ (sweu pjo) aweN (joquwAs pjo) joquAis

(pauod) 1TV IIqeL



[ewosoueoW;,

(GXMON) Ge Jequiaw

10]00 948 ‘urey ‘us 1 12bgt SYrz01S ‘Jopodsuel} wnpe) 10]00 948 ‘uis 2 ‘ve Allwey Jaliueo ainjos GepZoIS
(punouboeq
urelis yum Buikien)
¢, Sejelpawaul S|ewiue ojueBWNd
ujuedw jo buiddesy ul sso| 8)koouejow (918 2 |1-]oWwd
N yib—gLbz| ATIS IXlijew awosoueay [ereuisod yum BuLieA|is ok ‘28d6 ‘00 1 db) Jon|is (1s)1s
arqhdiAL yum Ajle1oedse
jusuodwod ‘siapJosip wnigyide gNN (suelquiswisuel})
N G1dz aNNdD [ewosouedw jusseddy Juswpid sul ‘ewoone|n 9 u18101dooA|6 quudn
(eddL
10|02 ‘Aye|s) aselawoine}
N 2eb—1ebg 100 aWwAzus [BWOSOUE|a|\ uluB|awWNa Jo uonn|iq al awoJyoedop (ys)10g
sl10sin23.id 119y} pue sawosouejdw Jo sjuauodwo) (9)
snuooolelay 10108} uonejuswbid sks 2 Xoqoswoy
‘AydosisAp [esulo) by | ZXSA uonduosuel) ayil-xed paonpai ‘elweyiydotoy 2l walsAs [ensia ZXSA
soseuny Ajlwe-0ysS (suebsjo
1O I0JBAI}OB PajeIo0SSe 344y Jo Buynow sipgeyiouse)))
N AL AN 61 LONN -10)deoal pasodold ‘uonelausbap [eunay LE Bojowoy g} |-oun 611ouNn
3dd
Buireubis "og JO SSO| pue uonelsusbap
O JOJeIpaW WESIISUMOpP ‘selewlouqe
N pGrdyy anlt ‘onjoydode-nuy Jea pue a4s ‘eseqO / auab a1epipued Aqgni qny
Agsiog jo Joydeoal 0}
‘fiorewiwreyuiopnasd Buipuig 493A %00|q ued ABojoydiow ¢ aseulsjoldojeiaw
‘AydonsAp snpun4 €zibee EdWIL Ppue JoNqIyul 8SBS10Id JdY [ewiouqy ok Jo Joyquyui anssi gduwyy
V¥ (unoydewss)
‘urewop olwse|dojfo
Hoys pue (L) urewop
ulejoud aueiqwawsuel ‘()
Buiieubis suoeixn( a/a jo uonejuswbidep urewop uiingojBounwiwi
esojuswbid 2eby VEYWIS aueiqwiBwsuel]  [ejeuisod ‘Jdy [ewlouqy e ‘Urewop ewes BLEWSS




weuodwod |1 D019

N G1d-91dy OND ‘sisauaboiq ajjsueblo S ouoondded (ouo) oun
(uoneyuswbid paonpal)
€ uungns ‘| xa|dwod
g adA} ‘ewo.puAs euodwod 19019 sa|joueblo paiejal
ye|pnd—Aysuewla zeelbsl £S10079 ‘sisauaboiq ajjouebiQ uonn|ip Areyuswbid / -aWO0s0sA| Jo sisauabolq (dir)gsLoolg
(eyoow) yungns
suodwod g-dy BJjop ‘g-dV xa|dwod
N c'eldel 1aedy ‘sisauaboiq ajjpueblio 1p Areyuswbid 0l uiejoud paje|al-ioidepe (yw) pgdy
(1ead) yungns
2 8dA} ‘ewolpuAs [2SdH] Bunnou 1g ‘e-dV xo|dwod
ye|pnd—AysuewlaH 2vibg 196dv uleoud Jejleuebin uonn|ip Areyuswbid el uiejoid paje|al-ioidepe (ed) 1qedy
(pajejal-sdH) Bunno. uidjoad/uoioniisuod awosoued|y ()
BWoIpUAs
uoisiadsip uswbid
paiejai-ewoone|b ewoone|b
‘e adA wsiuigie 0} 8)NQLIUOD UBD BS/ (1dYl1 ‘umolq) | uisjoud
SN0BUBINO0INOO czde IdHAL aWAzus [eWOSOUBIB|N\ 9J9||V "UIUB|SWNS umolg ¥ pale|ai-aSeulS0lA) (q) 1dify
1 adAy wsiuigre (ouiqre
SN0BUBINO0INOO 1ebrt HAL awAzus [ewosoue|s|\ 9oJW ||nu uj Juswbid oN / ‘10]09) 8SBUISOJA} (9) A1
(uiey0.d Jap0dsuey
pajeloosse-auelquiaw
¥ adAy wisiuiqe wawbid ake pue ‘allymiapun) ge Jaquiaw
SN0aUBINO0INOO dg 2vsro1S Jajlodsuel 81njos Gl ‘G Allwey Jalueo ainjos (diepy ‘mn) zeGHoIS
awosowoayo loquiAs suorouny awosowoayd
awoupufs uewny uewnH uewnH |eaibojoiq/1einasjop adAjouayd jueinpy asnop\ (sweu pjo) aweN (joquwAs pjo) joquiAs

(pawoD) 1TV IIqeL



aWoIpuAs
IysebiH-yeIpayD

9 8dA} ‘ewoipuAs
Me|pnd—AysuewlaH

G adA) ‘awoipuAs
Me|pnd—AysuewlaH
1 8dA} ‘ewolpuis
se|pnd—Aysuewiay
¢ adA) ‘awoipuis

Me|pnd—Aysuewioy

| 8dA} ‘ewoipuAs
ye|pnd—Aysuewia

(sire4-diysamaN)
| wsiuigfe JejndQ

aseas|p
4100 | -8lIB\-1004BYD

/ 8dA} ‘ewolpuis
Me|pnd—Aysuewioy

2rblL

L ebol

yrdi

glb—|1bgz

yebe

¥ebol

€'gedx

Lgbg

£2edg

1LSAT

9SdH

GSdH

rSdH

€SdH

FSdH

YO

vOld

LdaNLd

8zis pue
sisauabolq a|jpuebin

wsuodwod g001g9
‘sisauaboiq ajjpuebio

Jusuodwod zDO1d
‘sisauaboiq ajjsueblo

suodwod

€004 :9zis pue
siseuabolq a|jouebin

weuodwod 20019
‘sisauaboiq ajjpueblo

suodwod

€00714d -9zis pue
sisauaboiq a|jpuebin

uononpsue.l}

|eubis ‘8zis pue
sisauabolq awosoues|

(010 ‘sjosye

auNWWI+) SBWOSoue|dW

padwnio ‘sixe
8WOoS0SA|-awosopug

weuodwod 1 D019
‘sissuaboiq ajjpueblio

Kousioiepounuiwi
‘}e0o aed

1098)0p 19j91e(d (s8hs pal
pue uonn|ip Areyuswbid

1090)0p 19j81e(d ‘saka pal
pue uonn|ip Alejuswbid
10848p

19/191e|d {SBwosoueBW
Juelb ‘uonnjip

1200 JyBiIs ‘uiys ofed

10940p J9j8le|d
‘uonejuswbidodAy
10940p

19|01€|d {Sawosoue B
juelb ‘uonn|ip

1200 1ybIIs ‘us Bled

sawosouesw

elb ‘uonejuswbid
a/ka paonpay

JowaJ} Yiim 10j00 ajed

10840p J9j8le|d
‘Je00 palojod Apues

el

6}

€

6}

ol

€l

(ab1aq) 101e|NBBI
Buiolel) lewososA|
(ehe-Agnu)

Bojowoy 9 swolpuAs
Mejpnd—Aysuewlay
(g ahe-Agni)
Bojowoy G swo.puAs
Me|pnd—Ajsuewlsy

(1o 1y61)

Bojowoy  swoipuis
se|pnd—Aysuewiay
(e0002)

Bojowoy ¢ swo.ipuAs
ye|pnd—AysuewiaH

(1es ajed)

Bojowoy | swoipuis
Me|pnd—Axysuewiay
| Wsluigje Jejnoo uewny
Jo Bojowoy asnow
‘(ev1HdD) J01dedsl
pajdnoo-uisjoid-o
asejeydsoyd-g
ereydsoydsia-(G‘e)
-lonsoulApneydsoyd
‘(Jowasy

a[ed) (eeIsineieo
$89/Wo0.1eY20ES)
Bojowoy 914
(uipuigsAp

‘Apues) | uigioid
Buipuiq uiraiqonsAp

(69)1sA7

(n4) 9sdH

(gn1) gsdH

(81) #sdH

(200) gsdH

(de) 1sdH

(1eO) ey 14do

(thd) pb14

(Aps) 1dquig



snsjonu punose
18}SN|o seWosouBewW

(uayse)
Ajiwrey susboouo

awo.puAs 1j90s1D LebgL v.eavd Hodsuel} swosoueep ‘uonn|ip yeod AoAjiS 6 SyY Jequaw ‘v/zgvy (use) e/2qEY
gl adAy (¢ 120 feunal pajuswhid) Buiyeys peay
‘DWoIpuAs Jaysn gelbyy V/OAN Jodsuel) swosouea ‘aoue|eq ‘ssaujea / (1-19¥BYS) B]|A UISOAW (L-ys)ezoAp
snajonu punoJe
J18)sn|o sawosoueaw
BWOIPUAS 1]|8os1ID) 1gbgt VSOANW yodsuel} aWwosoue|s|\ ‘uonniip 1809 AIan|IS 6 (an)1p) BA UISOAW (p) BGOAN
(2 1duosuely Juspuadap
(BGOAN yum sioelalul) (ppBG0AN) 8dAousyd -uym ‘lossaiddns
N Gebg DIHW Jodsuel) swosouea aln|Ip sessaiddng L aln|ip) ulnbalouepw (z1PM ‘nsp) baapyy
snajonu punoJe
18)sn|o sawosouejaw
N ,€bg HdTWN yodsuel} aWwosoue|s|\ ‘uonniip 1809 AIan|IS L (uspes|) ulydouejpw (un) ydiw
podsues) swosouedp (3)
(#na) ece
N Lepebzl VEESA sisauaboiq s|jouebio uonn|ip yeod S Buinios uieloud Jejonoea (49) BEESAA
wesuodwod |1 D019 108}0p (painw) G Buiureuod
N Ged—1zd9 SOANXL ‘sisauaboiq ajjpueblo 19191e(d {uswbid ajed el UIBWIOP UIXOPaIoIy} (nw) gopux
3dY pue V9 x8|dwoo sjoied
N 2eetbel  v90ddvHL Buptoyges uieloid 1800 8y} Ul seyojed ojed L urejoud Buolyes egodde. |
(lerowunb)
Hungns o ‘eselsjsuel}
BlWaJaploioyD 2 Libyl V.1599vH sisauaboiq a|jpuebin uonn|Ip 1eon I |AuelablAueiab gey (wob) e1bbgey
(e1€]000Y90)
BWOoSoue|aW 0} Ajlwey susboouo
N vibrL 8egyy  usloid |dik] jo Buinoy ujuejBWNS UMOIY L Svyd Jaquaw ‘gegvy (1yo) geqey
Jusuodwod 1DO1g
N L'GLbgL Na1d ‘siseusboiq ajjeuebio  108jep Jojeleld 1e00 sjed 4 (p1red) uipyred (ed) upid
Bunnou pue Buissesoid (uonnpp
2 9dAy wsiuiqe ulejoid [ewosoue|ow ‘43 saka pue upys ‘urey ul paka-yuid) g wsiuige
SN0BUBINO0INOO 2ib—11bg) Z2vO0  uluodsuel) suolylein|n, UlUB|SWNS JO SSO| 819A8S / SN0BUBINO0|INO0 (d)eeoo
awosowouyd loquAs suonouny aWosowoyd
awoupuAfs uewnyH uewnH uewnH |eaibojoiq/1einasjop adAjouayd jueinpy asho\ (sweu pjo) aweN (joquwAs pjo) joquAis

(pauod) 1TV IIqeL



Irey pal pue AlsaqO

s1so}19doa)so
BAISS9081 819N8S

N

lley pay

BWOIPUAS yselD/VSYIN
‘snjeydasoipAy
paxull-X

BUNUOIYIEINID

eise|dsAp [ew.iapolos
onoipiyodAy/onoipiyue
‘eise|dsAp [ew.ispolo]

N

N

¢'gedz

12bg

¢'eldgl

€y2hbgl

8zbx

LiIbzz

evbl

glb-g1bx

z'ee-Legbl

¢Ldoz

Z'Liboz

OWNOd

LWLSO

ENHOW

HIOW

WYOLT
([esanes)

1901 199

aavydva3

Lag

caqda

NY1VY

/514

Josinoaid HSIN

uonoUNy 1SBJ008ISO

pue ujuePWosyd

aseb| unbign g3

Jojdeoay

uolssype |89

wisijogelaw auoIyleIN|n

Jojdeoay

puebi| parejes-4NLé
‘punog-auBIqUIBIN

Joydaoay
(si8yjo Buowe) youms
ujuejswoayd,/ujuejpwng

youms
uluejpwosayd/ujuepwng

991w 3oe|q ul edAjousyd
U0 108}48 OU IO [BWIUIA

s1s0.J}9d08}so
‘uiuepwoayd Jo S0
SLENE]

SN2 ‘10]02 uluels
Kem Jayue ‘aoueleq
ujuejaWoayd/uiuejpwna
Ja][e so|a||e Jualayiq

nnobe
uo saydjed uny xoe|g

ujuejswoayd paonpay
Allesaie| samo)|aA ‘Alesiop
Jaylep 1eod pnobe
‘ymoub Jrey pakejaq
sisauaboydiow

Irey pue pue|b

JBaMS JUBIO1JOP ‘SojewWwa)
—/+ ui Buidis ‘uswbid
nnobe jo Buiusyieq
pasiel |9As] ONOd
‘pauayep 10j0d Inoby

pausyJep ulue|awoayd
Aem Jayue ‘@oueleq
uluepwosyd/uluepwng
19}|e so|a|e JualayIq

cl

ol

9l

ot

€l

0-ujjooouedwoldo-oid
(leyis|-Aa1) | uiejoid
auelquBWSUBI}
pajeloosse
S150.4}9d08]S0
(proueboyew)

| Jobuly Bul ‘ulunboyew

(uoisuaixa)
Joydedal | uiodoue|BW

JoS [ wj 8|9||e ‘8|ndsjow
UoISaYpeE ||80 |7

I
asepidadsuelyjAwein|6 A
(pauLD) urewop yyesp
pajeloosse-iojdedal

V uise|dsApojos

(Aggey) y-uise|dsApoios
youw | wj aja|e
‘z Joidaoal sujwedop

(AueBoyew) unoeine

(nnoBeuou Jo) npnobe

owod

(19) Lwiso

(pw) puibpy

©)11om

weoy

116D

(40) ppesEpg

(B1)EP3

cpid

(6w) uny

ujuejpwoayd pue ujuewng (4)




s||90 Wajs ajkoouepW

2 ewoydwAj/ eiwens|

ewoydwA| |180-g ¢ 1ebgl 2108 sisojdode Jo Jouqiyuj 40 ss0| ‘BulAelb Aeg I 1199-9 g
(Mi1w o1x0}) epndadA|od
¢ ‘Bunodsuesy
osessip UOS|IIM - | Lgb—gvibgl g/d1y Modsuely Jeddo) 8 -1gNQ ‘osed |V (x1) qzay
sajewsa} snobAzolslay (panow) spndadAjod
ul padus ‘sajew 0 ‘Burodsuely
9SBasIp S, 94U\ g'elb—zg1bx V/dlY Jodsuely Jaddon snobAziway ul in} ajed X -zND ‘esed 1V (ow) B2y
(1seaA) | Bojowoy
N 2ebg IXOLY uodsuel; Jeddo) uoneuswbidodAH i | uidlo.d JuepIxonuy X0y
sjoaye olwalshs (9)
(} 40]02 120D
Jley asieds yiep ‘pabbel) g| sush
N ee'eLboz 81X0S Jojoey uonduosuel | ‘aoi1w ;nobe ul jeod yleq 2 Bulureluoo-xoq-A4S (toog ‘61) g1 x08
sjosyep Ateynyd pue afe ul (sunewaqns
[eanau ‘elweyiydoue LYoloN sereinbai gxos ssaujeap Mo||94) g susb
‘elwjeyydosoip ee'ogbe ZXoSs {10108} UOnduoSURL | ‘[ednau “diey mojia A e Bulureluos-xoq-A4S (gsA) gxos
puno.byoeq
UolBAllOBUI-X £V UO sdnd mojjah sjewsy | Bulureyuoo
N ge LidglL LAHOWS ‘Bunundwi seyipoly  jo ebejusdlad sy} s}odlY L) urewop abuly QNS (Lgawwopy) Lpyows
#SWWON
a|9|[e ‘G Jlaquiaw
‘e Alweygns ‘unewolyo
j0 Joye|nbal Juspuadep
~/AV Yim unoe ‘pajeloosse
N Z'Leb—11eby  GYOHYNS  JokenBal feuonduosues 1800 pgjjow jueuIwoQ 8  Xujew ‘palejal ANS/IMS geoIeWS
(Aeab ajgns) | | Jaquiaw
‘(walsAs +A ‘Jenodsuely
s|ene| ujuejswoayd pIoe oujWE djuoI}ed)
N ¥ 1IV/D1S Jauodsuel) sunsAn |ew.ou Joy palinbay e / Ajiwey Jalied anjos (ins) 1 1e201S
awosowoyd loquAs suonouny awosowoyd
awoupufs uewny uewnH uewnH |eaibojoiq/1einasjop adAjouayd jueinpy asnop\ (sweu pjo) aweN (joquwAs pjo) joquiAs

(pawoD) 1TV IIqeL



awolpuAs siady

BunuoleyjAusyd
Aydouie ajelAn

N

N

N

awoIpuAs suAexo0)
‘AydosisApoiyioyouy

@ dnoib ‘wnsoyuswbid
BWIBPOISY

¢ aseas|(q psebiels

1'9gbg |

¢'eldgl

zebzl

g19gbot

ggedl

21bx

Le'eebol

cLbel

Ly 1bg

2evebol

L'gLdg
1°Geby

9704

dad

HYd

1VO

LLSESH

Hd3H

Sv4

1100}

YINOTT

£IN079

18d
£€dSVO

A asesswAjod YNQ

aSBUD| | MV S8IeAlor
pue sejejAioydsoyd

SISaYluAs auisolh |

awAzug
sIsayjuAsolq ayeyns
ueseday ul swAzug
3dy ut Buipnjout
‘s|ona| uoll saje|nbay
sisojdode

Buieipsw loydedssy

Jledas uoIsoxe YNQ

sisayjuAsoiq

pioe Ajey :awAzug

sisayjuAsolq
pioe Aje} :awAzug

sisojdode Jo 10}o8)3

Buifeip
1209 Buipnjoul bulebe
ainjewaud [eiauan)

uoneuswbid

afs [ewiouqy

abe yum Bujuasiom
‘uonejuswbidodAy
apn|oul s108y3
ABojoydiow

1199 3dY [ewlouqy
uonenualayp

3dY [ewiouqy

3dH Ul UoHEDO|
juswbid [ewlouge
punoibyoeq ureusd uo
s8}A00UB|BW [BlI]S JoMaH

uedsaj|| paonpal ‘iey
Buifelb ‘Auanisusas-AnN

3dd Buipnou
akeullal [lewJlouqy

uoneluswbidiadAy
paiajeoss
UM Siiey [ewlouqy

uns afed
3dH [euuouqy

L1

ol

6l

6l

A “(pajoaulp

VYNQ) aselawAjod
j09g [ w] 8|9||e ‘| -aseuly
uisjoud yuspuadsp
apnisoujoydsoyd-¢

ase|AxoipAy
auluelejAuayd
aseJgjsueljoulwe
aulyyulo

| 8SEI9JSUBIIO)NS

-0O-g 9ley|ns ueleday
BlWaU.

payull-xas ‘unsaeyday
(9 Jequisw Ajlwepadns
Joydeoal 4N1) se4

2 dnoub uonejuswa|dwod
‘Aousiolyep Jredas
yepol Bunusws|dwod
-S040 Jredal uoisioxa
¥ oII-(1se8h ‘co3
/PHNS ‘2013/LNT)
spioe Aje} ureyo

Buo| A18A jo uoiebuojs
ooeriwyd|9|e ‘g
ail-(1seak ‘€o3/4dNS
‘2013/IN3d)

spioe Aje} ureyo

Buo| A18A jo uoirebuojs
(p1oteyre

‘{wnJojnasnw ejuolsAp)
‘r-Ip d18|[e ‘uluoIsAp
Al LW 8j9||e ‘g osedsed

brod

11dpd

yed

€0

HSegSH

(B1s) yde

se4

20013

vIn0|3

€inolg

(e p)isa
gdsen



'$90IN0S8. [NJBSN 18Y10 0} puE ‘SBOJOYLIO USIJeIqaz pue UBWNY O} Syul| SBY OS[e 8)Is 8y *(INWadjw/B10"10dse’ MMM) 80IN0S81 SBUSK) 10]00 SDJ4| 8Y} IB 8|qe|IleA. 8q 0} 8NuU0d ||IM Sausb 10j00 8snow sy}

inoge uojjew.oul parepdn ey} adoy am ‘Jenemoy ‘uoos ajnb parepino awoosq Algelasu

M 3004 B Ul paoe|d iy} 81| 8|qe} V *(WIWo=qp¢, z8J)us/salis/A0B yiu"W|u 1qou’ mmm */B10°Xe[ solewIojur mmm) a1ay pejussald

UOIJBWLIOUI BY} JO YN 10} SBNSAam (ININO) UBIA Ul 92UBNIBYU| UBIISPUSIA dUljUQ PUB (|DIA) SOIBLIOJU| SWOUSY) 8SNOJ\ 8y} 0} pajgapul Ajjea.b ale s\ "1010.) Yyimoib [Bl|ay1opus JB[NOSEA ‘4O A ‘18]0IABIYN ‘AN
£10}0B} SIS0408U Jown} ‘4N 1 ‘g 1010} yimoub Bulwiojsuel) ‘g4 | ‘puebi| 1y Se umous OS|e ‘10Joe} || Wals ‘49S ‘wnidynds Juswbid [eunal ‘3dY ‘uiodouegwoldo-oid ‘QINOd D osedijoydsoyd ‘Q1d gy
J10}0B} JB8joNU ‘gX-4N ‘Umous| suou ‘N ‘10}oe} Bulpulg-leoueyua-pioydwA| ‘437 {inoxoouy ‘O ‘ese|Aleoeap auoisiy ‘OvaH ‘[onsouljApieydsoyd|AsooA|b ‘| ‘wninonal olwseidopus ‘Y3 fioldedal ullpyiopus ‘YUNAdI

‘wa)sAs snoasau [BAUBD ‘SND (M d ‘g aseuny uisjoid=0yH=) su

0 BWOWAY} B Ul pUNO} 81 MY SNJIAOJI8) suLnw Bujwiojsuel} woiy paje|os) ausboouo ‘] Yy ‘uidoujodiod ‘suowloy o1ydoljod1u000uslIpe ‘Hl1 DY

uoljepJelal [elusw pue 3dY jo J10)deoai uiejoldodi|
eise|dodAy Jejjagala) 2'veds HIaIA s|leo ol exeldn pidim  uondnusip pue BulusoIy | 6l Ausuap mo| A1an JIPIN
uoneluswbidodAy | Jaquiaw
N 2ebe IVLEDTS |80 ojul &yeldn Jaddo) ‘fousionyep Jaddo) B ‘Le Allwey Ja1iueo ainjos 1BLEJIS
sAkemyjed
aslaIp Jo uoienbay SSO| Jley uay}
N 2'vebe VHXH Joydeoal plouney BulAeib srey ainjewsaid 2 0 10}d8dal X plounal BIXY
(¥ unis yeq)
N L'z1Lbg 02Sd4 siseyjuAs uigjoid 61sdy sy ¥ 02S utejoud [ewosoqu (»s@) 0zsay
sajhoouepW
BIIXS UHM UIS
siep aouay ‘sejkoouijelsy
ur sissyjuAs [7L10]
(vgQ) elwsue 40§ pue uopez|jiqels (e unis yeq)
uepioe|g-puoWElq zelbsl 61SdH sisayjuAs uiejoid €gd senlb Jos40Q YA 61S urejoud [ewosoqu (&ysq) 61say
(rey pue 10ds Ajjeg)
N €zibe veld4d sisayjuAs uisjold [e18]0%s ‘}e0d ‘0h3 9l ¥ uieloud [ewosoqu (1sg) ve1ay
jounal ABojoydiow Jejn||eo
N €zbe Idgd Jo Jodsues Jen|j@deHU| JdY [ewiouqy 6 ‘| uiejoud Buipuig jounes Ldqy
aseyjuis
sIsayjuAs (8yd ybiy ‘uusldolq uneidoipAyetey
111 BUnuoiaM|Ausyd Lgebrt Sid upsidoigolpAyena | MOJ) uoin|ip 1e0) 6 -|Akoanikd-9 Sid
adA) uonelpeu AN Buimojjoy (porejal
jueLeA ‘wnsojuswbid uIyS Jea ul uole|nwnooe 0€ avy) U ‘(ps1oauip
BLWIBPOISY 1" 12dg H70d U asesswAjod yNQ (¢,81400uE|OW) JUBWOIY /1 VNQ) asesswAjod yjod
awosowoayd loquAs suonouny aWoSsowWo4yd
awoupuAfs uewny uewnH uewnH |eaibojoiq/1enasjop adAjouayd jueinpy asnop\ (sweu pjo) aweN (joquwAs p|o) joquiAs

(pawoD) 1TV IIqeL



aBesslqIA 8llym ‘1ods Ajjaq ‘uonejuswbidap |eisiq
9Ze|q pedy |lewS

e} paxuiy ‘Jods Ajjeg

1200 Jayep ‘1ods Ajjeg

Af1oepA|od ‘jods Ajjleg

Af1oepA|od ‘jods Ajjleg

Af1oepA|od ‘jods Ajjleg

10ds peay ‘10ds Ajjeg

|ey1a| pahejap ‘1o eixele+ ‘1e09d pain|iq

199} ‘|1e} “Ajj9q uo aHYM

10ds peay ‘10ds Ajjeg

ejweyiydosoiw ‘uoneluswbid 1eod Aydred
(018 WsiEMp) Y200 PaIN|ig

s84UpP3 yum Buniods 4o Jusixa SalIPoN

1e0d 1noybnoJy} seyoled pue siiey slum
uolrejuawbid ahs ojuohique paheleqg

aduls ylep |esioq

aduis ylep |esioq

(ewoydwA| swog) “1exep ob 8o1w ygD
walsAs aaonpoidal siew ‘uawbid us pue Jeo)
1eq slym

$90} puly alym ‘10ds Ajjeg

A|[esiop siiey alym paIsleds ‘WnJJuaA alypn
|eaibojolnau ‘1e0d ‘eAs Jo s1o8eQ

Jrey JesJeds ‘Joxiep jo ymolbal usyl sso| JieH
SJ1aylo ‘1e0d ‘aAa Jo s1o8eQ

0T DD AN T ANONXN®OO O
—

/ 1eo00 panods jsb

9 1e00 panods jsb

61 Irey paxuy 4sb

2 In0j02 1809 yiep jsb

020 lueinw squl| [ewsouge jsb

610 Jueinw squi| [ewsouge jsb

620 lueinw squl| [lewsouge jsb

oojuab

Jepueb

piel)

Buniosyy

ejweyiydoue Jo ejwleyiydoloiw a1oAss pue Ajeydeousxa
Juswdo|aAsp w.epo}os oluoAiquia
(7LO) | Jeipow g adAy o1deoal uljeyiopus
Irey ayym pasiadsip

Bojowoy LHd4A

|[esiop pauayep

aduis yJep |esiop

s1oysIym Ajno

Bumods alym yim wsipiyotordAio

Z payjeq

$80} 8HYM yum Jods Ajjeq

dlym pue »oe|q

2 9oueleq

oyosidwede

elweyiydoidiw ylim snuodijus| Jousiue

/00SJSH
900sJSH)
61BDisH
coopisH
0clIejsH
61L1BJSH
620!B)SH
uo

pueb

pE]

9}

BWwxy
pa3
jwaqiups
ymag
Lyda
pyp

Spp

Mo

asio

clq

msg
meq
cueq

oe

wry

wawdojanaq (v)

uonouny ajqissod 10 109113

awosowoiy)

aweN

|loquis

$9U93 JO[0D 2SNOW PAUO[IUN I JO Arewriung  7'Ty d[qe,



|Ie1 uo s10ds 8lyMm JO Jaquinu s|geLeA ¢ Py (DSDH) 18lua) S8ousI0S dlwoudy) NIMIY prposby
dn ey pue subip slym a|qenep ¢ 86¢ (0SD) J81us) s80UBI0S dIWoUdD) NIMIY 86€9sby
dn ey pue subip slym a|qenep ¢ ¥6€ ((0SD) J8jus) seousIdg dlWousn) NI Y r6€9s0y
in} 19[ed Jo saydled ¢ 882 (OSD) 18jus) sa0UsIdG dIWoUSD) NIMIY 88z0sby
Alleq uo sayoyed anym awos ‘di |ie} pue sHBIP SHYM ¢ 692 (OSD) 18jus) s8oUBIdG JIWOoUSD) NIMIY 6920sby
Allesiop siiey suym pesneos ¢ 262 (0SD) 18jua) saousIdg dIWous) NIMIY £620sby
(921U |[E Jou) JuBUIWOP ‘||NYS paLwOp ‘Jods Ajjeg ¢ 211 (DSD) 18jua) saousIdG dIWous) NIMIY /1 19sby
punoibxoeq oisushb
yum Buihren ‘uoibas Jequin| [esiop ul pueq 1o siods ‘siiey sHym ¢ 86 ‘(DSH) J81ua) seousIOS dlWousY) NIMIY 86osby
10ds Ajjoq sawiawos ‘jeinau ‘luswdojaasp Jeg ¢ Bunelos b
¢ Se1koouejow Jo
ymolb suloolne ‘sirey paiuswbidun pue psajuswbid jo yiomydied 0l yiomyoled wmd
paiJsife s| uoissaidxa | Y Inq
‘eybpd 10U ‘urepadun uons|ap ul susb ajqisuodsal (Bumods auyp S (yored) uoiBai uonsjep yored yd
uojooeBaw ‘uonn|ip aaissalbo.d ‘Buijodg ¢ aII-plegaid 1Pqd
wog0 1X0S Jo adAjousyd senipoly 0l uoneluswbidodAy %00]810} BHYM JO JaljipoL ymp
J1e1 And ‘10ds Ajj9q s||92 18.0 [Binau Joma 2l NJuoN nw
10ds Ajj8q ‘elweyydotoiw ‘saijijewiouqe aA3 ¢ 10BJBIED YUM BISE|dSAD SUI op|
10ds pesaH ¢ 10ds peay sy
"0}8 ‘s}oajep
Je|nosenolpsed ose ‘Juawbid jo seyoled sey uiys pue Ayoled JreH ¥ sayoled Jiey 10H
'8l SHYM ¢ I1e} alym s sy
9BSSIIIA PUB 8S0U BIYM ¢ SI9YSIUM pUE 8S0U dHYM Jsb MUMYSE)
10ds Ajjeg ¢ 6 10ds Aj|aq auym jsb 6SqMJsH
10ds Ajjeg ¢ G 10ds Aj|aq auym jsb GSgMyso
jods Ajjoq abieq ¢ ¢ 10ds Ajjaq anym jsb £SqMsH
e} paxuy ‘Jods A|log ¢ I Jods Ajjaq anym 4sb LSqMIsH
lods Ajjeg ¢ LLOlods Alleg enymysb | LosqmisD
|1e} punoue Bui SHYM ¢ € pauyapun 4sb epunjsy
uonouny ajqissod 10 103))3 awosowo.iy) aweN |loquAs
(pauoD) 7TV 9IqeL



A/= Ul [eUIS] ‘~/+ U us Ajeos ‘ny pading X ¥ Pa)UII-X ‘patells pX1S

A/—UL[eYIs| ‘—/+ Ul Uuiys 3oIy} “uny padiils X € payuIl-X ‘pPaleLls £xis

A/—UL[eYIs| ‘—/+ Ul Uuiys 3oIy} “uny padiils X Z payull-X ‘palens axis
elweyiydoioiw ‘ey Ajio

‘8106AzIWwaYy pue -owoy ul yiep ‘ejobAzoislay ul Adiig X Ajio Aduis /01S

uo}8|8Ys [eloe) palslfe ‘1ods Ajleg 6 panis ujs

S108jep WalsAS aAllonpoldal yim ‘e/e uo jeod Aeln ¢ Aows Nws

gup3 01 919 8q Aew ‘Buods JueulwopIWeS 2 Bumods [eyie| JueUjWOPIWSS s|S

Bumods sewiawos ‘Yaqg anym ¢ ¥ 10|00 JBOO/UIMS pEO)S

rey pue yored Ajjlaq siym ¢ € 10|00 JBOO/UIS £roNS

Alleg anym payesuljop Aldieys ¢ 2 10|00 JROO/UIS Zros

S108)8p |e18|9Ys pue Jods Ajjaq abie ¢ / [eIxe/[e1a|oys /BYS

10ds peay ‘1ods Ajjaq 198} 8HYM 6 nweys nwys

sjods alym ‘1ods Ajj8q 10/ pue peay ‘1eod Aeln S oyI|-Buiniods eaisseoa. Y[S4

1Y Yyum s1oel8lul {(Slequinu a1hoouejew paonpal) Buiiods-oioip S Bumods anisseoal SJ

1209 8joym ‘Buiniods-ooI al ueol ul

Jods Ajjeg ¢ G681 (OSD) 18jus) SBOUBIDS OlWOoUS) NIMIY 6681050y

S8[BWa} Ul S10dS S}YM PISHEDS B|qBLBA ¢ €81 {(0SD) J8IUdD S80UBIOS dIWOUSD NIMIY £r819sby

Jods Ajjeg ¢ gv/ 1 {(0SD) 181D S80UBI0S dlWoUSD NIMIY Zr/ 19sby

uoIN|Ip 10|00 BLIOS ‘SieyY SHYM POISNEIS ¢ 8591 (OSD) 18jus) SBOUBIVS JIWOUSD) NIMIY 86919sby

Jods Ajjeg ¢ ¥GG 1 {(OSD) 18jus) S8OUBIDS OlWOoUSD) NIMIY GG 19sby

Jods Ajjeg ¢ G¥G 1 (OSD) 18jus) S8OUBIDS DlWOUS) NIMIY SrG1osby

10ds Ajjaq ‘di e ‘sHBIp sHuM ¢ 0251 (0SD) J81dY SBOUBIOS dIWOUSD NIMIY 026 19sby

Buimods Ajjaq awos ‘(—/y7 ul uana) Ajjesiuan iny Aeub ‘Ajjesiop uonn|ig ¢ €151 {(DSH) J81udD SBIUBIDG DIWOUSY) NIMIH £1619sby

sabueyo [e1|oxs ‘Jods Ajjoq SHUM ¢ L9 1 ‘(DSD) J81ua) $90UBIOS dlWOoUdD) NINIY 9% 1 osbY

‘Buniods alym awos {Ajjesusa Ajjeioadss uonn|ip 1eo) ¢ 9pz| (DSD) J81us) S80UBIOS dIWoUSY) NIMIH 9pz1osby

d jrey pue sdi} 90} SUUYM ¢ 066 ‘(0SD) J8jud) s80UBIOS dIWOUSH) NIMIY 0669sby

d jrey pue sdi} 90} SUUYM ¢ 29/ (0SD) J8jus) se0usIdg d1Wousn) NI Y 292056y

d jrey pue sdi} 90} SUUYM ¢ GG/ ((0SD) J8jua) seousIdg dlWousn) NI Y GG/0sby

10ds Ajjeq sewnawos ‘di |1e} pue 188} [e1sIp 8HUM ¢ €12 (DSD) J8jus) sa0UsBIdS dIWOoUS) NIMIY €1/0sby

dn jre1 siym pue uoneiuswid ybip [ew.iouqy ¢ 299 (0SD) J8jus) s90UBIDS JIWOUSD) NIMIY 2990sby

dn ey pue subip elym a|qenep ¢ 01§ (0SD) J81ud) s80UBIOS dIWoUdH) NIMIY 0169sby



soaka pal ‘unys ajed 1e0d Aelb igni oy / a)I|-g 8ka-Aqnu |zni
uonn|ip 10j0d 1eod é 7061 ‘(QSD) 181ua) sedusIdg dlwousn) NIHIY 70619504
oulqe ‘Juswhid oN é 0281 (0SD) 181 S80UBIOS dlWousD NIMIY 02819sbi
1200 ajed ¢ Jspmod Jspmod
JA] 10U ‘sehe yoe|q 1B0D BNYM-LO ¢ ouneld oyd
1eood sred °]! nisd-uonn|ip dp
(e/e) 1209 AeIb ‘UIys yuid ¢ uedep uonn|ip Ip
saka pue ups ajed Gl / 9)I|-|noeJed 218D
(umolq) 10j02 uluBB|N ¢ ploumolq pmiq
¢ Ajuo uonouny ajhoouepy (9)
10ds Ajjaq ‘se0} Bi1X3 / ayI|-buods saol-eixa 1SX
wawdojanap ubIp ‘10j0D / Buiods saol-elixa sX
yueyy Ya| uo jods anym | ‘Buiduls 1eod X aduls payull-x SIX
s108)8p aAlonpoidal {Anem pue paduis 180D X 1861 Anem 161
)Ealls [BJIUBA ‘©S0oU SUUAM Gl 9Sou alyM um
wawdojanap ubIp ‘10j0D / $80] dUYM oYM
I1e} ‘1994 ‘Ajjeq jo Buinods e|qelen b |1e} pue sme|o ‘A|jaq alym 1oam
8zIs |[ews ‘10ds Ajjaq a|geep 2 8zIs pue jods a|geleA SSA
198} ‘|1e1 ‘peay ‘Ajjaq uo buimodg 6 Bumods ajqelea SA
'018 ‘Yymoub ‘pooiq
‘U018|9YS JO SBIoUBIDNBP ‘Squiljalo} [eIsIp alym ‘lods Ajjag L1 uoys-|iey sl
wa)sAs aallonpoldal ajewsa) ‘1009 pain|ig / adne) a;
109} ajym ‘Buods Jayio ‘1o0ds Ajleg ¢ |2 WNIJOSUOYD 8WOUSK) 9SNOJ\ 99SSauUUd | 1gobuwi
[eyis| Jueuiwop |ejeulsod ‘Buipods Jayio ‘1ods Ajjleg ¢ 61 WNILOSUOD BWOUSK) 8SNOJ\ 89SSBUUS | 6196wy
AlK1oepufs ods Ajlag X /| WNILOSUOY SWOUSK) 8SNOJN 99SS8UUD | Z1obuj
Auaeo o19eI0Y) pUB Leay ul uoneluswbid oidojog ¥ sauele Jealb ay) Jo uolyisodsued) eb]
BUIIAJ ‘SUB| ‘SUI [BWIOUQE ‘Blw(eyiydoidi ¥ elweyydoidiw yliim 1oeieied [eio} woy
uonouny a|qissod J10 10343 awosowouy) aweN loquAis
(pauod) TIVIIqeL



J8yJo ‘@oueleq ‘uluejswna jusioleq 1% 81yo0 Yoo
[eaibojoinau ‘Bumods ‘Jusiolep uiueswoayd Gl (1ounxes Ajgqeqoud) Jowa.y Aeib 16
1UBI01Bp UlUBBWOBYd LE asusjul £aib b
|l ‘JusIolep ulue|aWwoayd 0l pa|zz1b 16
1uaI01jep UluBjPWNT ¢ uap|ob upb
SISBJ0081S0 ‘uluejawoayd jusiolep Buipnioul ‘sioaye aidinny 0l Ka.b pemp bmp
S1e09 [Inobe pue moj|a4 jo Bulueyieq Gl € 7LD 11nobe moj|aA 0 uoiedIIPOW JIaXIEep ebefwg
S1e09 [Inobe pue moj|a4 jo Bulueyieq L 2 LD 11nobe moj|aA o uoiedlIpow Jayep gbefwqg
S1e09 [Inobe pue moj|a4 jo Bulueyieq L | 7LD nnobe moj|eA Jo uonediIpow Jaxyiep 1beAwg
slea uo
Mo |84 ss0| {punoibxoeq iinobe uo Ajjaq slym/uiuejswosyd Jo SSo 91 SJ0S|oul 8susp uip
Ep oI L MI|I-ep 1ep
JusIoljep ulueBWoayd / Wep ep
10100 Je0d MoJ|94 SBlIPON Gl (7110) 8douaJayip 10100 #PO
Juiuepwoayd pue ujuejdwng (9)
919|e (ges9|S) mn a|qissod ‘weald pake-Agny Gl ayll-eHuymiapun mn
JuBUIWOP ‘1B02 PalN|I ¢ 8] WNIJOSU0D 8WOUdK) 8SNOJN 89SS8UUS | 8106w |
1800 pain|iq ¢ ] WNIJOSUOD 8WOUSK) 8SNOJN 89SS8UUS | p1obw;
100 ajed ¢ wniuey wueyy
8[ews} ul1eod paioN ¢ 9€ 10|00 JB0D/uINS 9€2S
yleap ahkoouejpw ‘BulIa|is 180D ¢ L€ 10]0D 1BOO/UINS LEDYS
yleap ahkoouejpw ‘BulIa|is 180D ¢ 0€ 10|02 JB0D/UIMS 089)S
1809 JBA|IS ¢ 62 10|00 1BOD/UIMS 629)S
1809 JBA|IS ¢ 82 10|00 JB0D/UIMS 829)s
saka pal yiep {Bunok usym 120 ajed ¢ €2 10|02 1B0O/UINS £29%S
saka pal ‘sirey prenb ajym Bunoh usym 1809 sled ¢ 22 10|02 1B0O/UIMS a29s
sirey pJenb ajym (BunoA usym 1809 sed ¢ |2 10|09 1BOO/UIYS L29¥S
100 ajed ¢ 61 10|00 1BOD/UIMS 619s
100 ajed ¢ {1 10|02 JBOD/UIMS ¥1OYS
uonn|ip 40j0d 10D L eides Bos



sped}oo} yleq ¢ €81 ‘81U Se0UsI0g dlWoudy) NIMIY £819s6Y

sped}oo} yleq ¢ 0S| ‘J81ua) S8dusIog dlWoudr) NIMIY 061956y

spedjooy puiy siep Apybis ¢ €9 ‘49JUdY S80UBIOS OlWoUSD) NIMIY £90sby

siwJapide pausyoiyl yum spediooy pajuswbid-Aeis) ¢ G “I91UBD SBJUBIOS DIWOUSY) NIMIH Gposby
uns e L 6 UMS Yiep 6%5d

uns e € 8 unsiep 8sa

uns e € 9 upsiep Psa

uns e % g sped 100} yyiep eaa

unis yeq é sped 100} yJep aga

unys yieq (3)

uns sjed ¢ G1 10|03 Jeod/uiis GLoYs

108)0p 8beIO}S [BWOSOSA| ‘1B0D BjEd ¢ 2| 10]00 Je0D/UIS Z219Ys

108)0p 8beIO}S [BWOSOSA| ‘1B0D BjEd ¢ 01 10]00 JBOD/UIS 019s

108)0p 8beIO}S [BWOSOSA| ‘1B0D BjBd ¢ 6 10]00 JBOO/UINS 69YS

Irey Buoj ‘1o8j0p abeI0IS [BLOSOSA| ‘1B0D 8|Bd ¢ 9 10|09 1B02/UIYS 90)S
PBSOAN Yl SjoBISIUl 70D paINn|ig ¢ 08 “I81u8) SB2UBIOS dlWoUd) NIMIY 089sb.1

aInjip a7 ¢ aII-ainia np

¢Hodsuedy Jo sisauabolq ajjauebio (Q)

OljelJ UjuB|aWwoayd/ulue|awna Jo JaIPON Gl (1LD) anfeA mojjoA AA
[eyis| snobAziway ‘Buliiow mojie A X pajiow moj|ah WA

(Ayored) pausyiep uluejpwoayd [esioq ¢ pauialed-snoiquin an
pauaJlep uiuewoayd [esioq ¢ snoiquin n

YoBg Mieq ¢ /1 10]00 jBOO/UIS 21948

Jayiep 81w 1Inoby ¢ 8 uiuejawoayd paonpal gyday

JUBUILIOP 8|8||B JIUB[BWINS 810U ‘821W —/4Y JO 10|00 SBIJIPOA Sl (71LO) uuepwosyd oayd
uonouny s|qissod 10 10943 awosowoiy) aweN loquiAsg

(pauo)) T'IVIIqeL



snpuny ay} ui sjods pajuswbid apnjoul s}o8ep 843 ¥  uonelauabap [eunal yoH
(S108)48 |BINBU pUR) 180D PaIN|I ¢ /| [eaibojoinau Zlanu

(leuie| Alrea ‘s1o8ye [BINBU pUB) 180D PaIN|IQ ¢ 91 [eaibojoinau 9linu
(leuie| Alrea ‘s1o8ye [BINBU pUB) 180D PaIN|IQ ¢ G| [eaibojoinau Glrinu
aBUIlaI pajiow Jo pajjods ¢ 261 ‘Aujoey sissusbelnw 8ousI0soINau 26 1jwu

Any paduig, ¢ paduis sinyueinw SIN

9IW oA SuBIYOIT ¢ € P3HOW-E[IYduIYy J0 Joljipow cWyon

9IW oA SuBIYOIT ¢ } PO[OW-E(|IYdUIYd jo Jayipow LYo

18UMOIQ 00| 8OIW 5.0IA | ¢ B|1Y2UIYD O Jalyipow Yow

2)SsH sepnjoul leyl uonajep ‘buiduis auly {leyis| snobAziweH X paul| 7
(eA1ss8001) UDS B ‘(JuBuIWOP) 20D B! & Wby ()67
S108)40 O1WBISAS 1e09 ABID) o Ao16 uopuo 16]

UOlBLIBA 10|02 1809 X8|dWw o) ¢ 2 In0j09 1209 1ybuq Jsb 200qJSH

90IW UMOJQ ‘8IN|Ip Ul UIYS PUE 0o Jsjed L EGEN ob
90I1W JUBINW Uy suaiybi ¢ umey Mo

Buidis [esiop auly {jeyia| snobAziweH X paul| juie} pluy
Buipey 1800 aaIssaIb0.d 9 pape} 8}

1209 Ja1ybI yony ¢ ¢ luswbid pauslybi| JueuILLOP edia

1200 Jayb ¢ 2 luswbid pauslybi| Jueuiwop zaa

10ds Ajj8q 1ybi1js sewnswos ‘1eo09 Jalybi ¢ | Juswbid pauaiyhi Jueujwop Laig
umouxun (4)

uns yeq b4 100} A100S 00s

unis yeq ¢ (1o00®|q) L7 40]0D FEOD/UINS LFOXS

uns e ¢ 6€ 1003 Je0d/uiMs 6£2S

spedjooy yrep Apybis ¢ G/ ‘48U S9OUBIOS dlWOoUdD) NIMIY G1/0sby

sped}oo} yleq ¢ 926 ‘81U SedUsI0g dlWousr) NIMIY 9269sby

sped}oo} yleq ¢ GG ‘J8Iua8) SB0UBIOS dlWoudr) NIMIY G1Gosby

spedjoo} yieq ¢ 2/€ ‘181U s8ousIoS dlwousr) NIMIY 2/£9sby

spediooy jo sydA|borewssp pajuswbid ¢ /02 ‘18iuan $8ousI0s d1Wousy) NIMIY 2029sby
spedjooy yrep Apybis ¢ 761 ‘19)UdD S80UBIOS dlWoUsD) NIMIY 6106y



*aAlle|Noads Jo [euoisinoid Ajfesausb ale suoiouny pue seliobales ‘wnijayids Juswbid [eunal ‘34y Snooj Jedi aaieniuenb 110

[eyia| snobAziway 1eod pajHo X 9 pajHoW paxull-X gouwx

[eyia| snobAziway 1eod pajHo X G pajHoW paxull-X gouwx

1200 9jed ‘|ey19| |ereuisod snobAziway 1e0d pajon X ¥ Pajilow payull-X powyx
[eyia| snobAziway 1eod pajHo X € pajow paxull-X gowx

[eyia| snobAziway 1eod pajHo X 2 PajHow paxull-X gouwx

alym Inpspun ¢ (¢10UnXd) Ny JBPUN BUYM Jnm

Gzobwi 8y / 62 WNILOSU0D dWOUSK) 8SNOJ\ 99SSaUUS | 62obwy

snpuny pajuswbidodAy ‘3dY [ew.iouqy / G2 WNILOSU0) dWOUSK) 8SNOJ\ 99SSaUU | Gzobui

ysip ondo punoue pajuswbidiadAy 34y / £2 WNILOSUO0YD 8WOUSK) 8SNOJ\ 99SSauUd | gzobuwij

ploJoyd ‘J4y [ewiouqy / 22 WnNILOoSU0) dWOouUaK) 8SNOJ\ 99SSauus | zzobui

10|00 pue 8in}xa} JleH X Asealb padiis bns

1e0o paduis é € lewosoine ‘buidiys celS

1e0o paduis é 2 lewosoine ‘buidiis bAS

saxas yjoq ui buidiig X Buiduys [ewosoine BlS

81lym aq 0} paloadxa sjewiue ul 1eod jo Buipeys, ¢ Gt 10|09 180D/UINS GrO¥)S

9ZIS ||ewsS ‘1002 109 [BWIOUQY ¢ 81 10]02 1809/US 819¥S

sabueyd [eloinByaq pue (JueuiWOp) uonn|ip 1209 1ybis ¢ 96/ ‘181U8D S8OUBIOS 2IWOUdY) NIMIH 96,056y
p|o s)oam g Ag ‘saka ay) usamiaq Jny umolq Jo ydled ¢ /S ‘I81u8) S80UsI0S dIWoUsn) NIMIY /Gosby
aUl| UOIEOIBWAP YUNJ-piW B J0 A|[epned umolq pue Ajjei1sol yoe|g ¢ 212 ‘18lua) saousIog olwousy) NIMIH z2120sby
10ds Ajj@q sawawos ‘Ajjaq Aeib ‘(jueuiwop) Ajjesiop uonn|iq é L/ 81u8) S80UsI0S dlWousy) NIMIH 1/9s6Y
saka pal ‘uonn|ip Juswbid paxep é (gs100jg/di se awes jou) Juswbid paonpa. ap.

solelauabop pue pajiiow eulley X 6 uonelausabap [eunal 6PH

uonouny a|qissod 10 1093 awosowo.iyo aweN loquis

(pauo)) T'IVIqeL



CHAPTER 1 INTRODUCTION TO THE PIGMENTARY SYSTEM 47

Figure 1.17 Studs Terkel, Mahonia, and Postdoc (left to right). Terk may have a mutation
at the Silverlocus (see Chapter 4). Mahonia is pheomelanic, often known as chestnut or
sorrel (probable genotype Mc1ré/Mc1r€). Postdoc is the horse equivalent of wild type,
known as bay or brown, depending on the amount of eumelanic pigment. Note that the
mane, tail, and legs are eumelanic, and the pheomelanic pigmentation on the body varies
from bright red/yellow to dark and nearly eumelanic, in response to modifying genes.






