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Abstract

One of the most unambiguous visual characteristics found in living organisms is
pigmentation, Albinism is an autosomal rccessive disorders characterized by reduce
pigmentation of the eycs, hair and skin linked with reduced clarity of vision (Montoliu et
al., 2014). Four well known explaincd types of OCA are ranging from OCA1A being the
most acute type to the milder forms OCA1B, OCA2, OCA3 and OCA4, that may display
some pigment assemble with time. Recently additional OCA iypes that have bcen
recognized are OCAS, OCA6, and OCA7. The four presently considered families (A, B, C,
D) were verified by genotyping polymorphic microsatellite markers for linkage related to
different OCA loci. TFamily A members were affected with the disease known as
Oculocutaneous albinism. Reported genes (QCA2, TYRFP1, SLC4542, and CIOORFI{)
which are involved in causing oculocutaneous albinism were tested for homozygosity
mapping by using microsatellites markers. Affected individuals of family A exposed that
they exhibit different combinations of parent allelcs, thus excluding the linkage in this
family to the known OCA candidate regions. None of these markers showed linkage to
inherited OCA. This concluded that in family A, the involvement of a new gene might be
accountable for causing Oculocutancous albinism. Family B affected individuals showed
the phenotypes of QCA. Blood were collected from two affected and two normal member
of [amily B their DNA were subjected for [urther analysis. Genotyping was done by using
highly polymorphic microsatellite markers to figure out affected gene or loci causing
hereditary OCA. Nonc of these genes showed linkage to autosomal recessive OCA of
family B, This indicates that a new gene is involved in causing OCA in this family. In
Family C, DNA of one affected individual (I[I-1) and bvo normal (11-1, II-2) were checked
for genotyping. The markers linked to Oculocutaneous albinism are OCA42 gene on
chromosome 15q11.2-q12, SLC43542 genc on chromosome 5p13.3, TYRP! gene on
chromosome 9p23, CI0ORFI] gcné on chromosome 10q22.2-q22.3. None of these genes
show linkage and were excluded. In Family D, DNA of two affected individuals (1V-3, I'V-
4) and four normal (111-2, 111-3) were tested for linkage by polymorphic microsatellite
marker for respective candidate genes. The markers linked to Oculocutaneous albinism are
OCA2 gene on chromosome 15q11.2-q12, SLC4542 gene on chromosome 5pl3.3, TYRPI
gene on chromosome 9p23, C/0ORFTI pene on chromosome 10q22.2-q22.3 were studied.
These genes were excluded and show no linkage.
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Chapter 1 Introduction

——— ———  — ———————_—________————————————— ]

INTRODUCTION

Skin pigmentation is an extremely diverse human featurc with a range from dark brown, white or
pink to tan, or black. It displays & clear difference cven within a particular ethnic group. The
pigment melanin gives color to halr, skin, and cyes. The retina light-sensitive tissue in the eye also
contains melanin therefore it plays a primary role in normal visualization {Caston ¢t af., 2012). In
human’s eyes, hair and skin melanin production is a vital cellular response in order to defend the

cells from harmful ultraviolet light and from the risk of melanoma development (Cichorek ef al,

2013).

The studying of physiology and biology of pigment cclls, where the melanin is produce is because
of the genes, mutation in these genes cause albinism. Amid thesc genes are TYR and TYRP/ that arc
considered to be encoding key melanogenic cnzymes (Garcia-Borron and Selano. 2002:
Sarangarajan and Boissy, 2001;  Jimbow ez af. 2000:  Oetting, 2000).In melancsomes solute
carrier, specific receptor, integral proteins are found in the compartments where melanin is
synthesized (Lopez ef al., 2008; Palmisano ef al.. 2008; Schiatfino and Tacchetti, 2005; Toyofuku
et af., 2002; Newton ef ul., 2001; Rosemblat ¢f af., 1994).

Melanin the skin color determinant js split up into two groups phcomelanin and eumelanin and its
functions is to defend the DNA from damage from ultraviolct light (Ito and Wakamatsu, 2011; Tto
and Wakamatsu, 2003). Brown or black human skin and hair color is due to eumelanin (black or
hrown color). Reddish color of skin is because of pheomelanin (Ito and Wakamatsu, 201 [; Meredith
and Sarna, 2006). The absence or decrcase of pigments in the eye, skin, and hair is called
Oculocutancous albinism (Kamaraj and Purohit, 2014).

In skin, hair and eyes poor melanin production is linked with impaired vision and is casily attacked
by sunlight results in Oculocutaneous albinism (Kamaraj and Purohit, 2014) or only diminishes
pigments in the eyes is called ocular albintsm. Albinism is an aulosomal recessive disorders
characterized by reduce pigmcentation of the eyes, hair and skin linked with reduced clarity of vision
{Montoliu et al,, 2014).

Panial or complete lack of pigmentation in oculocutaneous albinism is because of uneven enzyme
or protein function that peculiarly metabolizes, produce and allocale melanin in melanocytes
(Castori et al., 2012). '

Screening of Genes involved in Non Syndromic Oculocutaneous Hereditary Albinism 1
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In persons with albinism the hampering trait is the visual alterations in the absence of melanin in
skin and reduced protection against the sun can be potentially overcome with ample protection.
Visual problems include phatophobia, foveal hypoplasia, nystagmus and lack of pigmentation in the

iris {Martinez and Montoliu, 2013).
1.1 Oculocutancous albinism

Albinism is a heterogeneous genetic disorder with an autosomal recessive, X-linked inhcritance
paticrn and autosomal dominant (Gittler and Marion, 2016). These OCA types are preseat at
dificrent prevalence round the world (Wright ef al., 2015). In OCA various genetic heterogencity
has been known and seven known loci have been linked with this disease. Amid these four gencs
tyrosinase (TYR), Pink eyed dilution for P-protein (P), Tyrosinasc-related protein (TYRPI),Sclute
carrier 45 subunit A2 (SLCY542) are known to cause diverse types of OCA respectively. SLC2445
{Wei et al,, 2013) and Cl0orfl1 {(Gronskov ef al., 2013) are recently known two novel gencs in
which mutations results into OCA6 and OCA7 correspondingly. A new loeus OCAS has been
exposed but its gene is yet to be identified (Kausar ef al,, 2013). The GPRI43 (MIM 300808) gene
is positioned on chromosome Xp22.32 cncodes a 404 amino acid protein predicted to be a
membrane protein and known to cause ocular albinism. SILV, RAB7, TYRP2, SLC24A5, and
RAB38 are numerous genes encoding melanosomal proteins including have been well thought-out
as fine applicant for QCA. Although in OCA patients pathclogical mutations of these genes were

not reported {Mondal et g/, 2012; Suzuki, 2003).
1.2 Prevalence of Oculocutancous albinism

Albinism has an incidence rate of 1 in 20,000 individuals in which OCA]1 is the most commonly
responsible locus worldwide (Gargiulo ef al., 2011). In the Western populations, the prevalence rate
of albinisin are best deliberate in North Ametica and Europe, noticed to be 1:17 040 in newborns
and in the range of 1:10 000—20 000 (Gargiulo er al., 2011; Gronskov et al., 2009, 2007; Hutton and
Spritz, 2008; Rooryck e/ al., 2008; Zuhlke ct al., 2007; Rundshagen et af., 2004; Oetting and King,
1999). Scveral types of albinism have been described from Asia (Wei and Li, 2013; Wei ef al.,
2011, 2010; Suzuki and Tomita, 2008 Lin ¢r «f., 2006; Inagaki et al., 2004). In Africa whereas the
prevalence rate is high is because of consanguinity marriages especially (Cruz-Inigo et al., 2011;

Aquaron et al., 2007; Spritz et al., 1995),

s — — —— ———————————— -
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1.3 Inheritance Pattern

1.3.1 Recessive Qculocutancous Albinism (QCA)

In case of recessive OCA discase, one copy of the dcfective gene is transferred to a child from each
parcnt. Carriers of the disease have only one copy of the defective gene without any symptoms and
can transmit the discasc to the next generation. Compound heterozygous persons may have

mutations in two different allcles,

1.3.2 X-Linked Recessive Inheritance

Hereditary pattern of Ocular albinism (OA) is X-linked recessive. Males have one X and one Y
chromosome while females possess two copics of the X chromosome. As an X chromosome is
transferred from the mother of a male and a Y chromoesome from the father so, an X-linked trait in a
male can develop only due to X chromosoine from the mother. Due to the need of only one mutated
copy of the gene to Jevelop the condition, OA s occurred more frequently in males as compared to

[emales (Nusinowitz & Sarraf 2008: Wapenaar et al. 1993).

1.4 Classiftcation of Oculocutaneous Albinism
The known types of autosomal recessive OCA are ranging from OCA1-7 caused by mutations in

seven different genes. OCA is inherited as a hereditary autosomal recessive form.

1.4.1 Oculocutaneous albinism type 1

Reduced melanin production in the skin, hair and eyes is linked with OCA 1. Two types of OCAL
are OCATA and OCA1B Mutations in tyrosinase that produccs an entirely inactive or an incomplete
tyrosinase enzyme polypeptide results in OCAlA. Melanin biosynthetic pathway blocks the first
step due to complete lack of tyrosinasc enzyme and results in no melanin forms in melanocyte
{(Simeonoy et al., 2013). The alteration of tyrosine to (DOPA) L-dihydroxy-phenylalanine and then
DOPA 10 DOPA-quinine or 3, 6-dihydroxyindole to indole- 5, 6quinone is catalyzes by tyrosinase
the rate limiting stcp in melanin biosynthesis (Simeonov ef al., 2013). Mutations of tyrosinase that
produce a partiaily active or hypomorphic tyrosinase cnzyme causes OCA 1B (Simconov et al.,

2013; Gronskov et al., 2007).
1.4.2 Oculocutancous albinism type 2

[n Africa OCAZ2 is morc familiar generally but not acute than QCA type {Gronskoy ef al., 2014), P

_———— e e
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protein with 12 forecast transmembrane domains is melanocyte-specific transporter protein and is
encode by OCA2 gene. It transports proteins, substratcs such as tyrosine or tyrosinase as a
transporter protein in the mclanosome to control pH and stable mclanosomal protein complex

during melanin synthesis (Hawkes e af,, 2013),
1.4.3 Oculocutancous albinism type 3

Rulous/red OCA (ROCA) aiso known as OCA3 is a mild form of albinism due to color of
pigmentation (Gronskov ef al, 2014). In melanin synthesis the [unction of TRP/J remains uncertain.
However TRPI is mainly resiricted within melanosomes where it may regulate the melanogensis
and exhibit in melanocyte (Ghanem and Fabrice, 2011). TYR in large molecular complexes is

stabilize by TYRP! and without which TYR is degraded rapidly (Kobayashi & Hearing, 2007).
1.4.4 Oculocutancous albinism type 4

OCA4 is rarc among Europcans and [ound in Japanesc population (Gronskov et al., 2014). OCA4 is
melanocyte differentiation antigen may convey substances required for melanin biosynthesis.
SI.C4542 function as a membrane transporter associated with intracellular trafficking and
tyrosinase processing and contains 12 putative transmembrane domains (Inagaki es al., 2006).
OCA4 phenotypes results duc to mutations in the gene SLC4542.1n Turkish origin OCA4
phenotype was recognized in one male. OCA4 is considered to be familiar type of OCA after OCA
in Japancsc individuals (Inagaki ef al., 2004). Phenotypically OCA2 and OCA4 are similar so it is
not possible to identify OCA4 precisely only on medical findings.

1.4.5 Oculocutancous albinism type 5

OCAS a ncw gene was known in consanguincous Pakistani family accountable for the OCA
phenotype (Kausar ef al, 2013). This genotype was designated as OCAS and is mapped on
chromosome 4q24 having 14 gencs but none of those 14 genes are recognized (o have any function
in melanin synthesis but to recognize the underlying gene, studies are being made to find out the

role of this locus (Montoliu e /., 2014).
1.4.6 Oculocutancous albinism type 6
Wei Li led a Chinese team of researchers; expose the new molecular basis of albinism type in an

m
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OCA affected family.In SLC24A435, they inaugurate mutations and found a new solute carrier protein
and a renowned pene was also linked with a new type of OCA called OCA-6 (Wei et al., 2013). In
the maturation of meclanosomes part of S£C2445 is found by recent results (Wei et al, 2013).
Melanosomes assembly of SLC2445 show a vital function for the melanosomal design and to make
cerlain that melanin is synthesizing appropriatcly. Therefore mutation in SLC2445 may damage or

interrupt melanosomal maturation and consequently, OCA®6 phenotygpe results (Wei ef @l., 2013).
1.4.7 Oculocutancous albinism type 7

By founding gene sequencing and homozygosity mapping in a consanguineous family with OCA
symptoms on the Faroe Islands of Denmark, Karen Gronskov and Thomas Rosenberg documented
OCA7 type in 2013 (Gronskov ef al, 2013).0CA7 phenotypes results from mutation in gene
Cl0orfI1 (Montoliu et al, 2014). In melanin biosynthesis the Cl0orf1! protein is known to be

function in melanocytes distinction {(Gronskov et al., 2013).
1.4.8 QOcular albinism

The birth prevalence of X-linked ocular albinism (OA1; MIM 300500) is approximately 1 in
50,000. Ocular abnormalities, including impaired visual acuity, nystagmus, photophobia,
foveal hypoplasia, hypopigmentation of iris and fundus are most common in males in QA1
(Preising et al., 2001). GPRI43 is excecdingly found in vetinal pigment epithelium and

melanocyte encodes a protein that binds to heterotrimeric G proteins (Bassi et al., 1995).

%
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1.1 Proteins involved in OCA along with functions

organization and transport

Albinism Chromosome
lypes & Location Proteins Function of proteins References
Genes
OCAlA/ Alteration of tyrosine to DOPA
TYR 11q14.3 Tyrosinase and DOPA to 35,6- (Simeonov et al
OCA B/ dihydroxyindole to indole- 5, 2013) .
TYR 6quinone
1501213 It may convey proteins, {(Hawkes et al.,
OCA2/ 4te Pink tyrosine or tyrosinase in 2013)
0CA2 Nk £y melanosome to control
dilution
melgnosomal pil
Tyrosinase Restricted within melanosomes
Y where it may regulate the (Cthanem and
OCA3/ 9p23 related melanogensis Fabrice, 2011)
TYRP! P protein | gens ’
Membrane transporter
oS VO G| e, a0
SLC4542 5p13.2 MATP cKIng anc tyrosinase gaxierar,
processing
14 genes in chromosomal locus .
(Montoliu ef dl.,
but none of thesc are 2014)
OCA5/gene 4924 unknown directly involve in melanin
Unknown biosynthesis
Solute carrier
OCAY/ family 24 Maturation of melanosomes and .
SLC2445 15q21.1 protein to make certain that melanin is (Wet et al., 2013)
member 5 properly synthesized
OCA7/ . .
ClOorf1] 10g22.2 ClGorfl1 Play a role in melanocytes (Gronskov et al.,
' distinction 2013)
I G ‘ Receptor for tyrosine, L-DOPA
-prolein S . .
OAl/ Xp22.2 coupled and dopamine, involved in {Innamorati et al.
GPRI43 pes. P mclanosome biogenesis, 2006)
receptor 143

.
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1.§ Clinical Description

OCAI has further two types. No melanin synthesis in any tissuc is linked with OCA1A while least
amount of melanin in body is linked with OCAIB (Lewis R. A., 2013). White hair brows, lashes
and white skin at birth have been found in OCA1A affected individuals, In all ethnic groups the
skin stays white throughout life and always burns but does not tan. The blue irides arc fully
translucent at birth and stay so the whole life. The retinal pigment cpithelium docs not build up
melanin pigment and nystapmus continues. 20/100 and 20/400 is considered to be the best visual
acuity. White or very light off white hair at birth and visible light yellow hair color by age one to
three years are found in QCA 1B aflected individuals. In prolonged solar exposure the skin color

remains white and burn but may devclop some generalized tan.,

Hypopigmentation of the skin, hair and the ocular changes nystagmus, reduced iris pigment
characterized OCAZ type. Initially in Africans and African Americans brown QCA is known with
light brown hair and skin, OCAZ2 analysis is bascd on clinical findings. In OCA?2 type the amount of
cutaneous pigmentation ranges from minimal to near-normal. OCA?2 approximately always have
lightly pigmented hair, brows, and lashes, with color ranging from light yellow to blond to brown in
newborns. Hair color does not vary considerably but may darken with age from teenage years to

later lile (Lewis R.A, 2013).

Phenotype of aflected individuals of OCA3 is a moderate and accrue reddish pigment in their hair
and skin mainly clear in families ol African origin. Inheritance of OCA3 is also in autosomal

rccessive manner,

Hypopigmentation of the skin, hair and the ocular characteristics like all other types of albinism
characterized OCA4 type. After carly childhood vision is probably constant, In OCA4 the amount
of cutaneous pigmentation ranges from minimum to near standard. In OCA4 newborns generally
have silvery white 1o light yellow pigment in their hair color. Hair color docs not vary considerably
but may darken with time from childhood to adulthood.

A new gene positioned on chromosome 4q24 is known as OCAS. Clinical symptoms of OCAS of
affccted individuals prescnted is white skin, golden colored hair, foveal hypoplasia, nystagmus,

photophobia and impaired visual perception despite of their age and sex (Montoliu ef al., 2014).

m
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The rarest form of non-syndromic autosomal recessive OCA known as OCA6 have light hair color,
that darkened with age, reduced visual insight, fovea hypoplasia, iris trans illumination,
photophobia and nystagmus. SLC24AS is found to be role in the maturation of melanosomes (Wei
etal, 2013).

OCA7 type of albinism is linked with the gene CJ/0ORFI]. Karen Gronskov and Thomas
Rosenberg in 2013 found a new gene associated with albinism amid OCA individuals from the
Faroe Islands (Denmark). Lighter pigmentation in affected individuals is found as compared to
rclatives but with nystagmus, iris transillumination, reduced visual acuity is predominant eye

symptoms. This OCA type has been called as OCA7.

. e - ]
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1.2 Phenotypic presentation of different types of OCA

Introducticn

Types of

Skin

Hair

OCA color Color Eye color Visual | Nystagmus | Photophobia
and Acuity
Genes
OCAlA White, White Light blue to Present Present Present
TYR Pinkish pink Gray
White, | Whitc to
OCAILD tan with Light Blue iris, green | Present Present Present
TYR Tim yellow ot brown with
blond and time
then brown
White,
OCA2 Light light Blue-gray or
(CA2 brown golden, hazel Irides gray | Present Present Present
Yellow, to Tan
light brown
OCA3 Reddish Ginger
TYRRPI brown reddish Hazel / brown Present Present Present
brick bright
red copper red
0OCA4 Yellow White, gray/ blue
SLCA342 skin ycllow to Present Present Present
brown hair
OCAS White | golden hair impair vision Present | Present Present
skin
OCA®b White Hair light Transparent /
SLC2445 skin in color brown irides Present Present Prescnt
may darken
later
OCA 7 Skin light Iris
CIOORF1I light blond/ dark | transillumination | Present Present Present
color brown

e ____ . __ _ . _ . ___ ]
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1.6 Risk Factor

A person inherits the faulty genes that cause him incompetent to make the usual amounts of melanin,
Based on its particular type various genes are involved. Individuals results from the information that
genes carry. Two copies of these autosomal chromosomes genes are present in individuals one
inherited from father and the second from mothcr. A person without being affected by albinism can
carry its trait because it is a reccssive genetie disorder, To have a child with albinism both mother and
father must carry a faulty gene. [f both carry a faulty gene but none of the parent has albinism there is

a one in four chance that baby will born with albinism (Tandon, 2016).

1.7 Causes

The major cause of Oculocutancous albinism is hypopigmentation and melanin is considercd to be
major pigment in skin, hair and eyes. Ali types of albinism in general have hypopigmentation but its
quantity varies in different types, Completely absence of pigment in the eyes, skin and hair causes
OCA but some persons have pigments at later stage of life, The cyes of the albino people are mostly
of very light color because of a lack of melanin pigment. For normal function of eye melanin is
required so due to absence of adequate melanin pigment, vision is diminished. Melanin gives hair
color on the scalp and body. Hair appcars white, reddish, golden, very light blonde, or of light yellow
color duc to decreased amount of melanin. Milky white color and fair skin is present in albino
peoples. There are more chances of skin cancer by ultraviolet rays and skin damage {from sunburn in

OCA affected individuals duc to the abscnce or reduced amount of melanin (Dorey et al. 2003).

1.8 Genetic variability of Oculocutaneous albinism

With genetic heterogencity non syndromic OCA is an autosomal rceessive state. One more locus and
six genes have been recognized as accountable for seven non syndromic OCA subtypes. Hereditary
disorders the melanin biosynthesis that results in varied levels of hypopigmentation of hair, skin and
cyes are termed as Oculocutancous albinism (OCA) (Grenskov ef af., 2007). In melanin biosynthesis
pathway six genes known [or OCA subtypes. These known genes are fyrosinase , OCA2, tyrosinase-
like protein 1, solute carrier family 45 member 2, solute carrier fumily 24 member 3, and
chromosome 10 open reading frame 11 (Montoliu et al, 2014). By linkage analysis to a genomic
locus at 4924, OCAS was recognized (Montoliu et af., 2014). The GPR143 (MIM 300808) gene

responsible for x- linked recessive albinism. Phenotypes of OCA sublypes are heterogeneous but all
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of these are implicit to be hereditary recessive disorders (Grsenskov ef al., 2007; King ef al., 2003,
Oetting and King, 1999). OCA1 has subtypes, OCAIA and OCA1B. Totally lack of pigment and
cntire failure of tyrosinase activity is called “tyrosine negative’ or OCALA. If tyrosinase function
partially and permitting pigment to accumulate and produce a phenotype of minimum to close to
usua{ skin pigmentation is termed as OCA1B (Gronskov ¢t af., 2007; King et al., 2003). Pigmentary
phenotype of individuals depends on polymorphisms in the OCA genes (Jagirdar er al., 2014; Chiang
el al., 2008). An individual’s albinism phenotypc is greatly influence by cthnic background (Mondal
et al., 2016; Chiang et al., 2009).

1.8.1Tyrosinase (TYR)

The human fyrosinase (MIM 606933) genc positicned on chromosome 11q14—g21 (Khan ¢f al.,, 2015)
MIM 606933 and has 5 exons which translate to produce the 529 amino acids long tyrosinase protein
encodes a glycoprotein of 60kDa tyrosinase type | and spans about 65 kb of the genomic DNA (Ray
et al., 2007). Mutation studies have found 351 pathogenic mutations (HHGMD Professional 2016.1
total} in TYR gene, in which more than 15 are reported in Pakistani families (Khan er af, 2015;

IForshew er al., 2005).

1.8.2 Oculocutancous albinism 2 (OCA2)

The OCA2 gene (MIM 611409) positioned on chromosome region 15q11.2-q12 and encodes 838
amino acids of P protein of 92,850 Da spans 345kb genomie DNA and contain 29 excns. 12 known
transmembrane domains of P protein is melanocyte specific transporter protein. It transports tyrosine
(Potterf ef ol., 1998; Gahl es «d., 1995) protons (Ancans e al., 2001a; Ancans ef al., 2001b; Brilliant
and Gardner, 2001; Puri ef «l, 2000) or tyrosinase in thc melanosome as a transporter protein to
regulaic mnclanvsomal pHl or stabilize the melanosomal protein complex during melanin synthesis

(Hawkes ¢t «f., 2013; Gronskov et al., 2007, Toyofuku et al., 2002).
1.8.3 Tyrosinase related protein 1 (TRPY)

The TYRPI gene (MIM 115501) positioned on chromosome 9p23 consists of 8 ¢xons and 60,724 Da,
of 7RPI (tyrosinase-rclated protein 1) of about 16Kb genomic DNA and encodes a 537 amino acids
and is mainly confincd within melanosomes and expressed in melanocytes where it may regulate the

melanogensis (Ghanem and Fabrice, 2011).

e e —— Y
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1.8.4 Solute carricr family 45 member 2 (SLC45A42)

The SLC4542 gene (MIM 606202) is positioned on chromosome 5pl13.2. SLC45A2 have 7 exons
spanning a rcgion of approximately 40 kb and contain 530 amino acids. Tt may transport substances
required for melanin biosynthesis and is mclanocyte differentiation antigen (MATP) (Inagaki et al.,
2004). Misrouting of tyrosinase results due to mutation in SLC4542 (Cullinane et al., 2011; Costin et
al., 2003),

1.8.5 Oculocutancous albinism 5 (OCAS)
OCAS5 a new Lype was known accountable for the OCA phenotype and its locus is positioned on
chromosome 4924 but genc is not found yet. In consanguincous Pakistani family OCAS phenotype

was exposed in the affected members of OCA (Kausar ef al., 2013).

1.8.6 Solute carrier family 24 member 5 (SLC24A¥5)

The SLC2445 (MIM 609802) positioned on chromosome 15g21.1, genomic DNA spanning a region
ol 21.4 kb, consists of 9 exons, and solute carrier protein of about 54,888 Da and it encodes a 500
amino acids. Its function is trafficking of protecins to melanosomes regulated by intracellular calcium
signaling and calcium homcostasis in mclanosomes during melanin biosynthesis (Ginger et al., 2008;
Lamason ef al., 2005). Melanosomal maturation is disrupt due to mutations in SLC2445 and

conscquently hypepigmentation results in patients with OCA6 (Mondal et al.,, 2012).

1.8.7 Chromosome 10 open reading frame 11 (CI00RF11)

The Cldorf1!1 (MIM 614337) gene is positioned on chromosome 10q22.3, spans 1125.9 kb genomic
DNA and consists of 11 cxons. This gene encodes 198 amino acids, protein of about 22,568 Da that is
leucine-rich repeat and in fetal tissue it is highly expressed. In melanin biosynthesis this Clforf!!
enceded protein plays a role in demarcation the melanocytes (Gronskov et al, 2013). OCA7

phenotypes results duc to mutations in the C/0orf1{ gene.
1.8.8 G protcin-coupled receptor 143 (GPRI43)

The GPRI43 (MIM 300808) gene is positioned on chromosome Xp22.32 encodes a 404 amino
acid protein predicted to be a membranc protein essential for development and maturation of

melanosomes (SchialTino et al., 1996).
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1.9 Complications

1.9.1 Adverse Cutaneous and ocular Effects of Sun Exposure in OCA

Blistering and erythema is predictable by sunburn and is the commonest acute result of extreme sun
contact. Fair skin individuals arc at maximum risk of sunburn cven though pigmented skin can also
practice it (Battie ef al,, 2013). In OCA persistent ultraviolet rays incrcase the risk of skin cancer and
considered to be the most scrious cutancous cffeet, Lack of melanin in the iris results in strabismus,

reduced stereoscopic vision and iris transillumination in OCA patients (Summers, 2009).

1.9.2 Challenges and Opportunities

A person with OCA faces both psycho-social and physical challenges. Violation of human rights is
found in OCA affected individuals in some countrics. Loss of bodily dignity, social stigmatization,
discrimination, they also practice ostracism as well as more aggressive outcomes body parts removed
for witchcraft and including dcath at birth (Cruz-Inigo et a/, 2011). The damaging health effects by
contact to solar UVR can be overcome by personal sun protection (Norval et al, 2011). Wearing
protective clothing, sunglasses, hats, arc sun-protective options and making use of shade may be

helpful (Wright et al., 20135).
1.10 Pigmentation

Pigments of the human body arc produced by spccialized cell melanocytes in the hair and skin and
choroidal melanocytes and RPL (retinal pigment epithelium) eclls in the cye. The synthesis of the
melanin pigment itsell takes place in the melanosome, a specialized organelle of the pigment cell

which is derived from the lysosome (Schiaffino, 2010; Wasmcicr ef af., 2008; Dell’ Angelica, 2003).

1.11 Melanin

Melanin, hemosiderin (brown), carotene (vellow), hemoglobin (red) and bilin (yellow) are the
pigments that determine human color. In determining color of human skin and hair melanin play a key
role (Kende and Hearing, 2011, Simon e¢f al, 2009). Hypopigmentation, hyperpigmentation and

mixed hyper/hypopigmentation disorders results duc to disruption of pigmented related factors.

1.11.1 Types of Melanin

Twc major types of mclanin pigments based on their biosynthetic pathways are pheomelanin and

cumelanin (Kondo and Hearing, 2011; Simon ef /., 2009). Black or brown color is a eumelanin and
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is intended for black or brown human hair and skin. Reddish color is a pheomelanin and is

accountable for red hair and skin in humans (Ito and Wakamatsu, 2011; Meredith and Sarna, 2006).

1.11.2 Meclanosome biology

Melanosomes mature in four steps from immature vesicles to fully mature and pigmented organelles.
They begin as stage [ pre-melanosomes which bud from the endoplasmic reticulum (ER) (Park et al.,
2009) and show a round form with no observable inner structure (Harper ef al., 2008).The trans-golgi
network (TGN) trafficks structural (PMEL!7/GP100) and melanosomal {TYR) proteins to the empty
vesicles to form stage II melanosomes. At this stage the melanosomes get elongated and build an
organized fibrillar network bascd on PMEL17/GP100 proteins (Theos et al., 2005). At this point the
path between eumelanosomces and phecomelanosomes is parting as pheomelanosomes do not develop
further than stage I1. TYR is a key enzyme for the pigmentation process, as both melanin types need it
for the first step of the synthesis. Only cumelanosomes receive TYRPI1 and dopachrome tautomerase
(DCT) (needed for the later stages of eumelanin synthesis) through the trans golgi network (TGN) and
devzlop to stage III melanosomes. At this stage pigment is being produced and deposited along the
matrix protein fibrils. At stage IV the pigment fills the complete melanosome (Schiaffino, 2010;
Hcaring, 2005).

e e e e
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1.12 Objective

The aim of this study was to find the genetic causes of non-syndromic Oculocutaneous albinism in

Pakistan

e L e —————— . . __ ]
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Chapter 2 Materials and Methods

MATERIALS AND METHODS

2.1 Identification, Enrollment and Clinical Assessment of Families

Identification of Oculocutancous Albinism (OCA) paticnts was done through school, college,
university survey and contacting medical doctors from dilferent areas of Pakistan. Four families
having thrce or more aflccted members were identificd and cnrolled for this study. The study was
approved by Institutional Review Board at Institule of Biotechnology, International University

Islamabad Pakistan.

2.2 Pedigree design

Pedigree was sketched by discussion with clders of familics according to standard method given by
Bennet er al, 1995.A pedigree of cach family was drawn and the relationships within the family
were confirmed by interviewing muitiple members of the family, Affected members with QCA
were assessed based on hypopigmentation of hair, skin and cyc color in comparison to the

unalfected individuals.

2.3 Blood sample collection

Peripheral blood samples, about 5-6 ml were drawn by [0 ml sterilized syringes ( 0.7 X 40 mm, 22
G X U 1/2) and transferred into vacutainers containing potassium EDTA(BD Vaculainers K3
EDTA, Franklin Lakes NJ. USA ). These vacutainers {containing blood sample) were stored at 4C.
Blood samples or buccal swabs were collected from affected individuals, normal siblings and

parents available at the tine of enroliment.

2.4 Extraction of Human Genomic DNA

Genomic DNA [rom peripheral bloed samples were extracted by following two methods;

1) Phenol-chlorotorm DNA extraction or manual extraction of DNA (Sambrook and Russell,

2001,

2) Extraction of DNA using commercially available kits (Sigma-Aldrich MO, USA).

D - —— e ——— - ..
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2.4.1 Genomic DNA Extraction (phenol-chloroform Method)

Standard Phenol-Chloroform method {Sambrook and Russell, 2001) was used for the extraction of

genomic DNA from blood samples.

>

Ard

>

Vacutainers® (BD-Plymouth, UK) having blood samples were incubated at room
tcmperature for 40 minutes.

Eppendorf tubes (Axygen, Union, USA) were labelled.

About 0.75 ml of blood was poured in these Eppendorf tubes and was mixed with an equal

volume (0.75 ml) of lysis buffcr (Solution A).

To properly mix the blood sample with solution A, tubes were inverted 6-7 times and were

incubated [or haif an hour at 25°C.

The tubes were centrifuged at 13,000 revolutions per minute (rpm) for 1 minute in a micro

centrifuge (Eppendorf, amburg, Germany).

The nuclcar pellet was re-suspended in 0.5 ml of solution A afier discarding the supernatant.

The centrifugation step was repcated.
Supernatant was again discarded.
The nuclear pellet was suspended in solution B (400 ml), chilled proteinase K (8-10pul)

diluted from 8 mg/p! stock bought [rom Sigma-Aldrich MO, USA, 14 pl of 20% sodium
dodecy! suiphlate (SDS) bought {from BDH, England.

An overnight incubation of the samples was taken out at 37°C.

The next day, equal volumes (0.25ml) of freshly prepared of solution C (saturated Phenol)

. .. = — . . . |
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and solution D (Chloroform: Iso-amyl alcohol in 24: 1 by volumes) were added to the tubes

confaining samplcs.

The tubes were then subjected to centrifugation at 13,000 rpm for 10 minutes after being

mixed thoroughly.
‘The upper aqueous layer from each tube was picked gently and was transferred to a new

tubc and was labeled accordingly. Wide bore pipette was used to avoid sharing of DNA,

These {ayers were centrifuged at 13,000 rpm for 10 minutes after adding 0.5 ml Solution D

to cach Eppendor(tube,

Upper aqueous phases were apain translerred into new tubes and the tubes were again

labeled respectively.

50-55 ul of sodium acetate (3M, pH 6) and (0.5 ml) of chilled Iso-propanol was added in
these tubes and DNA was precipitated out. Eppendorf tubes were inverted 3-5 times

followed by another centrifugation 13,000 rpm for 10 minutes,

Supernatant was discarded carclully.

The pellet of the DNA obtained was the washed with chilied 70% ethanol (200 pl) and
centrifuged for 7 minutes at 13,000 rpm.

Again, the supernatant was discarded and the washed DNA pellet was dried in a vacuum
concentrator, 5301 (Eppendorf, Hamburg, Germany) at 45°C for 4-5 minutes. 120-140 pl of
dissolving buffer (Tris-EDTA, SigmaAldrich MO, USA) was added to the dried DNA and
stored at 4 °C.

L e ———————— . . .
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Table 2.1 Composition of solution used in genomic DNA extraction

Solution use for DNA | Chemical composition

Exf{raclion

Mpclz SmM
Solution A Tris(pH7.5) 10mM
1% (v/v) Triton X=100
Sucrose 032 M

NaCL 400mM

—17

Solution B Tris(pH7.5) 10mM

EDTA (pH 8.8) 2mM

Solution [) 24 volumes ofchloroform o1
Valumc of iscamylalchol i-e 24:]
ing Bufler

Ij

10mM Tris (pH 8.0)

DNA Dissolvi 0.1 mM EDTA

10g SDS
1% SDS L00m! walcr

0.25p bromophenol blue
Bromophenol bluc I 40g sucrose

“’ EISDD
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2.4.2 Extraction of Genomic DNA by Kit Mcthod

» 0.2 ml blood was taken from the vacutaincr tube in an Eppendorf tube of 1.5 ml volume.

» 200 ul solution C (lysis solution) and 20 pl Proteinase K (SigmaAldrich MO, USA) were
added in it.

» A homogenous mixturc was obtained after a 20 second short spin.
» This mixturc was then incubated at 55 °C for 10 minutes.

» Following the incubation, 100% cthanol (200 pl) was taken in Eppendorf tubes was

vortexed for 1{ seconds along with lysate.

» Columns were prepared by subjecting 500 ul column preparation solution (Sigma-Aldrich
MO, USA) to centrifugation at 12,000 rpm for 60 seconds afler adding it to GenEluteTM

mini prep binding columns.

> TFrom the Eppendorf tubces, the lysate was then transferred to each prepared column.

» The columns were eentrifuged for at 8,000 rpm for [ minute.

» 500 ul of pre-wash solution (Sigma-Aldrich MO, USA) was added to each column and

centrifuged at 8,000 rpm [or 1 minute,
» The cluted flow-through was discarded and columns were shifted to new tubes of 2 ml.

» Tach column was subjccted to centrifugation at 12,000 rpm for 1 minute after adding 500 pl
of wash solution (Sigma-Aldrich MO, USA).

» After the cluted flow-through having removed out was subjected to a 3 minutes’ empty spin

at 12,000 rpm for making the columns free of the wash solution.
» This was followed by transferring cach column to new collection

tubes of 2ml.
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» 200 pul of Tris EDTA elution buffer {Sigma-Aldrich, MO, USA) was loadcd at the middle of

cach column to cluic out the DNA.

» The cluted-out DNA was incubated for 5 minutes at room temperature and was then

subjccted to a centrifugation at 12,000 rpm for 2 minutes.

2.5 Agarose Gel Electrophoresis

For the qualitative analysis ol cxtracted DNA, 1% agarosc gel was used to resolve the DNA.
Mixing distilled water of about 45 m1, 5 ml of 10X Tris -Borate — EDTA and half gram of agarose
the required 1% agarose gel and was heated in microwave oven so that the agarosc was totally
dissalved. Aficr that 6-7 pl staining dye (cthidium bromide) was prepared and added in the conical
Mask for staining DNA. The combs werc placed to their respeetive slots in the gel tank before
pouring the gel into the tank. The gel was set to solidify at room tempetature for 25-30 minutes.
After being solidified, the combs were removed earcfully. Then cqual volumes of DNA and
bromophenol blue were mixed ad loaded in the gel. The DNA was electrophorized for 20-30
minutes at 120 volts using | X TBE buffer. The pictures were obtained by using digital camera DC
290 (Kodak, New York, USA) and UV transilluminator (Biometra, Gottingen, Germany was used

to visualize the DNA. The image data was then stored.

Tahle 2.2 Composition of solution uscd in agarose gel

Solutions Composition

40 g Sucrosc
Gel Loading Dyce

0.25 Bromophenal Blue

0.89Tris M
10X TBE Buller EDTA 0.5 M pH 8.3

0.025 M Borie Aeid

L _ — ] L |
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2.5 Genotyping and linkage analysis

Polymorphic microsatcllite markers of loci known to cause Oculocutaneous albinism in Pakistani
familics were used for genotyping and linkage analysis. These markers were obtained from

Invitrogen Genelink (USA),

2.7 Polymerase Chain Reaction
Speeific sequences of DNA were amplificd by Polymerasc chain reaction.

Undermentioned steps were used to carry out PCR.

¥ Properly labeled PCR tubes (200 pl) were used to carry out PCR containing a total ot 25 pl

reaction mixture in cach of them.

» Pirstly, 1-2 pl dilution {5 ul Stock DNA and 45 pl PCR water) of genomic DNA (template
[DNA) was loaded in a PCR tube (200 pl).

‘;r

23-24 pl of mmaster mix was added to this Genomic DNA.

» The master mix was prepared by adding 2.5 pt PCR reaction bufTer [10X (NH4)2804, (MBI
Fermentas, Lilc Sciences, UK)] and 0.5 pl of 10 mM dNTPs mixturc to 2ul of 25 mM
MgCI2 and 0.3-0.4 pl of cach 20 ng/pl markers (forward and reverse). 0.3 pl of the 1 unit
Taq DNA polymerase (PerkinClmerectus, Ferments, Burlington, Canada) was added along
with 17.3-18.4nl PCR water.

# PCR was performed undcr standard conditions, T3 Thermocycler (Biometra, Germany) and
GENE Amp PCR system 9600 (Perkin Llmer, Wellesley, MA, USA) were used for this
purpose.

In thermocycler {ollowing conditions were used for PCR

¢ Larly denaturation of whole DNA at 96 C for 5 minutes.

&

% 40 cycles of amplification cach consisting of 3 sub steps.
1) Dcnaturation of DNA (amplified product} at 96 C for 1 minute.
2) Annedling ol primers at 50-60 C for 30 seconds.

3) Primer clongation of complementary DNA strands at 72 C for 4 minutes,

- .
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Final clongation of remaining incomplecte complementary DNA strands at 72 C for 10 minutes.

Table 2.3 Chemicals Used in Polymerase Chbain Reaction

Cbemical Used ‘

Stock Concentration

Amount used in PCR |

DNA dilution 2ul 2l
PCR waler 17.3-18.4ul 17.3-18.4ul
10 X (200 mM Ammonium
PCR Buffler Sulphate, 750 mM Tris-HCL 2.5 ul
{pH 8.8}, 0.1 % Twecn 20)
MgCl- 25 mM 2 ul
i dNTPy 10 mM cach dNTPs 0.5 pl
[ Microsatellite Markcers
R&T) 20 ng/ul cach 0.3 ul each
Taq Polymerasc 0.5 Ul .3 pl

i a0 0——— ——— . . . .
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Table 2.5 Chemicals Uscd in Polyacrylamide Gel Electrophoresis (PAGE)

m o

30% Acrylamide
£3.5ml

_

Composition

29:1 ratio of acrylamide (MERCK,
Darmstadt,
Germany) N, N” Methylenc-
bisacrylamide (BDH,
Poole, England

Tris 0.89 M, Borate 0.89 M and

10X TBE
EDTA 0.02 M
10% APS Ammonium per sulphate (5 g/45 ml
distil water) 400ul
(Sigma Aldrich St Louis,
MO, USA)
TEMIED N, N, N’, N'-Tetra methyl cthylene

diaminc)

(Sigma-Aldrich, USA)

Distilled Water Up to 50 ml

e —————————————— S e s |
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Results

This chapter deals with the clinical and molccular analysis of four families which showed the
symptoms of autesomal and x-linked recessive hereditary Oculocutancous albinism. Thesc familics

were enlisicd from unconcerned territory of Pakistan,
3.1 Description of the familics

3.1.1 Family A

The family A was cnrolled in the Muzalarabad Kashmir, Pakistan and has 3 affected individuals in
four penerations (Fig 3.1). Individual’s relation within the family and all required information were
obtained and a family pedigree was drawn by consuiting multiple people during the visit. Three
afTected individuals along with their normal siblings participated in this study. Pedigree analysis
showed (hat this [amily contains three aflected individuals including a seventcen years old male
(IV-1) and two females ([V-4, 1V-5).Clinical cxamination of skin, hair and iris phenotype of
alfected individuals showed that they had golden hair along with white to pinkish skin. All the
allceted individuals had black to brown iris color along with light sensitivity and nystagmus. Apcs
of the affected individuals varied betwecn 4 and 17 years at the time of study. The normal
individuals were fully normal with no sign of discasc. Blood samples were collecied from three
alfeeted (1V-1. V-4, 1V-5) and [our normal (I1I-1, N[-2, IV-2, TV-3) individuals including parents
and normal siblings. The DNA was extracted using phenol-chloroform method in normal and

alfected individuals.
3.1.2 Family B

The family B was enrolled in the Mohrian, distriet Attock Punjab (Fig 3.3). Pedigree analysis
showed that this family conlains two affeeted individuals, Clinical examination of skin, hair and iris
phenotype of affeeted individuals showed that they had yellow hair along with pinkish skin and
spots on the face. The allected individuals had pray iris color along with light sensitivily and
nystagmus. The normal individuals were fully normal with oo sign of discasc or diseasc on set in

any ol them. Blood samples of two affected (I11-2, 1I-3) and two healthy (TI-2, I11-1) individuals

. .. ___ __ ___ _______ . ___ . " ____ "
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were collected for the current study. The DNA was extracted using phenol-chloroform mcthod in

normal and afTected individuals.

3.1.3 Family C

The family C was cnrolled in the Nothein district Attock Punjab, Pakistan (Fig 3.5).The family C
contains one alfected individual (HI-1) two normal (II-1, [1-2) individuals. Individual’s relation
within the [amily and all required information were obtained and a family pedigree was drawn,
Clinical ¢cxamination of skin, hair and iris phenotype of affected individuals showed that they have
reddish blond hair along with pinkish skin and brown spots. The affected individual had green iris
colcr along with light sensitivity and nystagmus. The normal individuals have no sign of disease.

Blood samples of one affected (I11I-1) two normal (11-1, [1-2) individuals were collected.
3.1.4 Family D

The family D was enrolled in the Rawalakot district Poonch Pakistan (Fig 3.7). Two affected
individuals along with their normal siblings participated in this study. Clinical examination of skin,
hair and iris phenotype ol affected individuals showed that they had brownish to gelden hair color
and whitc to pinkish skin with light brown spot in onc affccted individual. The affected individuals
had brown iris color along with light scnsitivity and nystagmus. Blood samples wcre collected from
two affected (1V-3, 1V-4) and four normal (I11-2, IT1-3, TV-1, IV-2) individuals inctuding parents
and siblings. The DNA was extracted using phenol-chloroform method in normal and affected

individuals.
3.2 Genetic Mapping of Candidate Genes Responsible for Hereditary

Qculocutancous albinism

The candidate gences involved in hereditary Oculocutancous albinism were checked for linkage in
four familics. Microsatellite markers were used for genotyping through PCR to cheek linkage or
cxclusion prior to embarking on penome wide scan. The amplified PCR products were then loaded
on §% non-denaturing polyacrylamide gel clectrophoresis. The gel was stained with ethidium
bromide and visualized. Markers with homozygous bands in affected individuals were supposed to

be linked lor that focus or gene.,

=
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The relevant families werc not considered linked if the affected individuals exhibited heterozygous
banding paitern.

In Family A, seven DNA samplcs including four normal (III-1, III-2, IV-2, 1V-3} and three affected
(IV-1, V-4, IV-5) were checked for linkage with the help of microsatellite markers linked to OCAZ,
TYRPI, SLC4542, CI0ORFII genes. The results obtained substantiated on exclusion of family
(rom linkage to any of the known OCA loci. Thercfore, a novel genetic factor may be responsible
for the diseasc phenotype in this particular family.

In Family B, DNA of two normal (11-2, III-1) and two affccted individuals (I11-2, IT1-3) werc tested
for linkage by polymorphic microsatellite marker for respective candidate genes. The markers
linked to Oculocutancous albinism arec QCA2 gene on chromosome 15q11.2-q12, SLC4542 gene on
chromosome 5pl3.3, TYRPJ gene on chromosome 9p23, C/OORFII gene on chromosome
10q22.2-q22.3 were studied. These genes were excluded and show no linkage.

In Family C, DNA of two normal (II-1, [I-2) and one afTected individuals (III-1) were used for
genotyping. The markers linked to Oculocutaneous albinism are OCA2 genc on chromosome
15q11.2-q12, SLC4542 gene on chromosome 5pl3.3, TYRPI{ gene on chromosome 9p23,
CIOORFI] gene on chromosome 10q22.2-q22.3. None of these genes show linkage and were
excloded.

In Family D, DNA of four normal (III-2, 111-3} and two affected individuals (IV-3, IV-4) were
tested for linkage by polymorphic microsatellite marker for respective candidate genes. The
markers linked to Oculocutancous albinism arc OCA2 gene on chromosome 15q11.2-q12, SLC4542
gene on chromosome 5p13.3, 7YRP ! gene on chromosome 9p23, CIO0ORF!] gene on chromosome

10922.2-q22.3 were studicd. These genes were cxcluded and show no linkage.

m
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Fig 3.1 Pedigree of Family A showing hereditary Oculocutaneous albinism with an autosomal
recessive pattern of inheritance. Squares and circles represent male and female members
respectively. Blank shapes arc used to indicate the normal individuals while filled shapes represent
the alTected individuals for the given disorder. Double lines between the two individuals indicate
consanguincous marriage. Cross lincs represent deceascd individuals. Generation numbers are
indicated by Roman numerals. The members whose blood was sampled for the study are shown by
the Asterisk (*) symbol over the respective shapes.
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FAMILYB

Figure J.3: Pedigree of Family B exhibits phenotypes of Oculocutancous albinism. Squares and
circles represent male and female members respectively. Blank shapes are used fo indicate the
normal individuals while filled shapes represent the affected individuals for the given disorder.
Cross lines represent deceased individuals. Generation numbers are indicated by Roman numerals.
The members whose blood was sampled for the study are shown by the Asterisk (*) symbol over
the respective shapes.
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FAMILYC

Figure 3.5: Pedigree of Family C showing phenotypes of Oculocutaneous albinism. Squares and
circles represent male and female members respectively. Blank shapes are used to indicate the
normal individvals while filled shapes represent the affected individuals for the given disorder.
Cross lines represent deceased individuals. Generation numbers are indicated by Roman numerals.
The members whose blood was sampled for the study are shown by the Asterisk (*) symbol over
the respective shapes.
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FAMILY D

Figure 3.7; Pedigree of Family D showing phenotypes of Oculocutaneous albinism. Squares and
circles represent male and female members respectively. Double lines between the two individuals
indicate consanguineous marriage. Blank shapes are used to indicate the normal individuals while
filled shapes represem the affected individuals for the given disorder. Cross lines represent deceased
individuals. Generation numbers are indicated by Roman numerals. The members whose blood was
sampled for the study are shown by the Asterisk (*) symbol over the respective shapes.
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DISCUSSION

Camnplcte or partial loss of pigmentation in the iris, skin and hair is autosomal and x-linked
reeessive non-syndromic oculocutancous albinism (nsOCA) disorder this is due to a decrease or
abscnce of melanin production in body (Tomita & Suzuki, 2004; Spritz et al., 2003). Melanin
occurs in specialized cclls called melanocytes and its production is regulated in body. Melanocytes
derived [rom a scparate cctodcrmal linc it may be cxtracutaneous or cutancous. Alhinism
nomenclature is complex by the actuality that the terms albinism, oculocutancous albinism and
ocular albinism can be used both as a phenotypic descriptions and explain precise discase. Impaired
cye development plus variabic hair, skin and occular hypopigmentation illustrate Oculocutancous
albinism, Totally lack of tyrosinasc (unction has no apparent melanin pigmentation while fractional
OCA is distinct by hypopigmentation, An incrcased UV scositivity results in the health
consequences and visual disruption in OCA patients. UV radiations are absorbed by melanin and
thus reducing DNA damage by ultraviolet rays in the skin and eyes. There is high risk [or
developing skin cancer in individuals with OCA unless cnough sun shields arc worn (Lund and
Tavlor, 2008). Also [or the normal visual development melanin is critical (Summers, 2009), Disrupt
fovea development and chanpes in the optic nerves and tracts is linked with diminish melanin
synthesis in the cye during development, Lack of vision (dcercased visual acuity), light sensitivity,
nvstagmus and dccreased profundily are the visual phenotype in OCA patients. Melanocytes arc
present in other tissucs as well but do not have documented harmful health effect in the setting of
OCA. Like in cochlea melanocytes are present. Melanocytes in cochlea have play a main role in the
conservation of adjoining cochlcar cclls (Zhang er al, 2012; Uehara et al, 2009).To date
pathogenic mutations in six genes, 7YR, 0CA2, TYRPI, SLC4542, SLC24A5, and Cl0orfll,
have been identifted in individuals with nsOCA (Montoliu er al., 2014). We previously mapped a
new locus for non syndromic OCA on chromosome 4q24 in a large consanguincous Pakistani
family (Kausar et af., 2013). The GPRI43 (MIM 300808) gene is positioned on chromosome
Xp22.32 cncodes a 404 amino acid protein predicted to be a membrane protein and known to cause
ocular albinism. YFor which the gene is currently unknown. [n published population studies
lowever the detection rate of alicles causing albinisim varies from 60% to 90% {(Mauri et al,

2016, Simeonov ¢t al., 2013; Park et af., 2012; Hutton & Spritz, 2008; Rooryck ef al., 2008,

. . | _
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Tomita et al., 2000).The method involves the deteetion of the discase locus by simply comparing
homozygous pattern of affected gene with heterozygous pattern ol gene present in normal member
of family.

Six known genes of non syndromic OCA are TYR (tyrosinase), OCAZ, TYRP/ (tyrosinase-like
protein 1), SLC4542 (solute carricr family 45 member 2), SLC24435 (solute carrier family 24
member §), and C/0orf11 (chromosame 10 open reading frame 11) (Montoliu er al., 2014). TYR
pusitioned on ehromosome 11ql4—g21, ACA2 gene positioned on chromoseme region 15q11.2-
ql2 TYRP/I gene positioned on chromosome 9p23SLC542 gene positioned on chromosome 5pl 3.
The SLC24A435 positioned on chromosome 15q21.1, C/0orf1! gene is positioned on chromosome
10922.3,

Current rescarch focused on the genetic and clinical study of four families (A, B, C, D) recruited
from dilferent area of Pakistan, These familics were affeeted with Oculocutaneous albinism. To full
fill this purpose the blood samples of normal and affected individual of familics were collected
genomic DNA was extracted by stander extraction protocol for homozygosity mapping to figure out
the homozygous region of candidaie gene by the help polymerphic microsatellite markers. [f
linkage found the linked gene were further subjected for Sanger sequencing to figure out pathogenic
variant that causcs discasc.

IFamily A members were affccted with the discase known as QOculocutancous albinism. Reported
genes (OCA2, TYRPI, SLC45A42, and CI0ORF1 1y which arc involved in causing oculocutaneous
albinism were tested for homozygoesity mapping by using microsatellites markers. Affected
individuals of family A exposed that they exhibit different combinations of parent alleles, thus
excluding the linkage in this family to the known OCA regions. None of these markers showed
linkage to mherited OCA. This concluded the involvement of 2 novel gene might be responsible for
causing Oculocutancous albinism in family A.

In family B affected individuals showed the phenotypes of OCA. Blood were collected from two
aflected and two normal member of family B their DNA were subjected for further analysis.
Genotyping was done by using highly polymorphic microsatellite markers to figurc out aflected
gene or loci causing hereditary OCA. Nonce of these genes showed linkage to recessive OCA of
family B. This indicates that a new gene is involved in causing OCA in this family.

[n Family C, DNA of two normal (I1-1, I1-2) and one affccted individuals (111-1) werc checked for

s —————— . — _ ____ . T
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linkage analysis. The markers linked to Oculocutancous albinism are JCA2 gene on chromosome
15q11.2-q12, SLC4542 gene on chromosomc 5pl3.3, TYRPI pene on chromosome 9p23,
CIOQRF1] peoe on chromasome 10q22.2-g22.3. None of these genes show linkage and were
cxcluded.

In Family D, DNA of two normal (UJ[-2, 111-3) and one affected individuals (IV-1, IV-2) were
tested for linkage by polymorphic microsatellite marker for respective candidate genes. The
markers linked to Oculocutancous albinism are OCA2 gence on chromosome 15q11.2-q12, SLC4542
gene on chromasome 5pl3.3, 7YRPI gence on chromosome 9p23, CIOORF! ! gene on chromosome

10g22.2-q22.3 were studied. These genes were excluded and show no linkage.

Screening of Genes involved in Non Syndromic Oculocutaneous Hereditary Albinism 36



CHAPTER 5



Chapter 5 References

References

Ancans. ., Tobin, D. 1., Hoogduijn, M. J., Smit, N. P.. Wakamatsu. K.. & Thody, A. J. {(2001).
Melanosomal pll controls rate of melanogensis, ewnelanin/pheomelanin ratio and
melanosome maturation in melanocytes and melanoma cells. Experimental cell
rescarch, 268(1), 26-35.

Ancans J, Hoogduijn MJ, Thody AJ. Mclanosomal pld, pink locus protein and their roles in
melanogencesis. J Invest Dermatol, 2001a; 117:158-9. [PubMeced: 11442766]

Aquaron.R.. Soutir, N., Bergé-l.efranc. I. L., Badens, C., Austerlitz, F.. & Grandchamp, B.
(2007).Oculocutaneous albinism Lype 2 (OCA2) with homozygous 2.7-kb deletion of the
P gene and sickle cell disease in a Cameroonian family.ldentitication ot a common TAG
haplotype in the mutated P genc. Journal of human genetics 52(9), 771-780.

Dattie, C.. Gehara, M., Verschoore, M., & Raberts, W. (2013). Skin cancer in skin of color: an
updale on current facts. trends. and misconceptions. Journal of drugs in dermatology:
DD, 12(2), 194-198.

dassi, M. T., Schiaffino, M. V., Renieri, A., De Nigris, F., Galli, L., Bruttini, M., ... & Ballabio, A.
{1995). Clening of the gene for ocular albinism type 1 from the distal short arm of the X
chromoscme. Natfure genetics, 10(1), 13-18.

Bennett, R. L., Steinhaus, K. A,, Uhrich, $, B.,(Sullivan, C. K., Resta. R.G.. Lochner-Davle, D
& Hamanishi, J. {1995).Recomimendations for standardized human pedigree
nomenclature. Journal of Genetic Counseling, 4(4), 267-279,

Brilliant, M..& Gardner, I. (2001).Melanosomal pll pink locus protein and their roles in
melanogenesis. The Journal of investigative dermatology, 117(23, 386-387.

Custori, M.. Morrone. A.. Kanilakis. J.. & Grammatico. P (2012).Genetic skin diseases
predisposing to basa] cell carcinoma. Evropean Journal of Dermatology. 22(3). 299-309.

Chiang. P. W, Spector, E.. & Tsai. A C. H (2008). Evidence suggesting the inheritance mode of
the human P gene in skin complexion is not strictly recessive. American Journal of
Medical Genetics Part A, 146(11), 1493-1496.

Chiang. P. W., Spector, E.. & Tsal, A. C. H. (2009). Oculocutaneous albinism
spectrum. American Journal of Medical Genetics Part A. 149(7). 1590-1591,

e e e g e
Screening of Genes involved in Nan Syndromic Oculocutaneous Hereditary Albinism 57




Chapter 5 References

f— — —— ———  —— ——  ——— _— —— . — ]

Cichorck, M., Wachulska, M., Stasicwicz. A., & Tyminska, A.(2013). Skin melanocytes:
biology and development. Advances  in Dermatology  and  Allergology/Postgpy
Dermatologii 1 Alergolegii, 30(1). 20.

Costin, G. E., Valencia, J. C., Vietra, W, D, Lamoreux. M. L., & Hearing. V. I. (2003).
Tyrosinasc processing and intracellufar trafficking is disrupted in mouse primary
melanocytes carrying the underwhite (uw) mutation, A model for oculocutaneous
albinism (QCA) type 4. Journal of cell science, ]! 16(15), 3203-3212.

Cruz-Inigo, A. L., Ladizinski. B., & Sethi, A (2011). Albinism in Africa: stigma, slaughter and
awareness campaigns. Dermatologic clinics, 29[ ), 79-87.

Cullinane, A. R,, Vilboux. T.. O'Brien, K.. Curry, J. A., Maynard, D. M.. Carlson-Donohoc, H..
.. & Gahl, W. A. {2011). Homozygosity mapping and whole-exome sequencing to detect
SLC45A2 and GO6PCJI mutations in a single patient with oculocutaneous albinism and
neutropenia, Journal of Investigative Dermatology. 131(10), 2017-2025.

Dcell’ Angcelica, E. C. (2003). Mclanosome biogencsis: shedding light on the origin of an obscure
arganclle, Trends Cell Biol 13.10, pp. 503-6.

Dorey, S. E., Neveu, M. M., Burton, L. C., Sloper, J. J., & Holder, G, E. (2003).The clinical
features of albinism and their correlation with visual evoked potentials.British journal of
ophthalmology. 87(6). 767-772.

Durham-Pierre, D.. Gardner, 1. M., Nakatsu, Y., King, R. A., Francke, U., Ching, A., .. &
Brilliant. M. H. (1994). African origin of an intragenic delction of the human P gene in
tyrosiase positive oculocutaneous albinisim. Najare genetics. 7(2), 176-179,

Forshew. T. {2005)identification of novel TYR and TYRP! mutations in oculoculancous
albinism. Clin Genet. 68, 182-184.

Gahl. W. A, Potterf, B., DURHAM-PIERRE, D. O, N. N. A_, Brilliant, M. H., & Hearing, V.
141995) Melanosomal tyrosine transport in normal and pink-eyed dilution murine
melanocytes. Pigment Cell & Melanoma Research, 8(5), 229-233.

Garcia-Borron, J. C., & Solano, F. (2002). Molecular Anatomy of Tyrosinase and its Related
Protcins: Beyond the Histidine-Bound Metal Catalytic Center. Pigment Cell & Melanoma

Rescarch, 15¢3), 162-17.

el e . ]
Screening of Genes involved in Nan Syndromic Oculogutaneous Hereditary Atbinism 58



Chapter 5 References

e 8 ==& ===,

Gargiulo, A., Testa, F., Rossi. S., Di lorio, V., Fecarotta, S., de Berardinis, T., ... & Galantuomo,
M. S. (2011).Molceular and clinical characterization of albinism in a large cohort of
Ttalian patients. Investigative ophthalmology & visual science. 32(3), 1281-1289

Ghanem, G..& Fabrice, J. (2011). Tyrosinase related protein | (TYRPLl/gp75) in human
cutaneous melanoma. Malecular oneology, 5(2), 150-155.

Ginger, R, S., Askew. S. E., Ogborne, R. M., Wilson, S.. Ferdinando, D, Dadd, T., .. &
Schnetkamp, P. P. (2008). SLLC24AS5 encodes a trans-Golgi network protein with
potassium-dependent sodiumi-calcium exchange activity that regulates human epidermal
melanogencsis.Journal of Biological Chemistry, 283(9), 5486-5495.

Gittler, ). K. & Marion,R (2016). More than skin deep: Genetics, clinical manifestations. and
diagnosis of albinism. Einstein Journal of Biology and Medicine. 30{1&2), 41-47.
Grenskov. K.. Brandum Nielsen.K.. Lorenz, B., & Preising, M. N, (2014). Clinical utility gene

card tor; Qculocutaneous albinism. European Journal of Humar Genetics 22(8).

Giranskov, K., Dooley. C. M., Ostergaard. E., Kelsh. R. N., Hansen, L., Levesque, M. P&
Rosenberg, T. (2013). Mutations in c¢l10orf1 1. a melanocyte-ditferentiation gene, cause
autosomal-rceessive albinism. The Amcrican Journal of Human Genetics, 52¢3), 415-
421.

Gronskov. K. Bk, J., & Brondum-Niclsen K. {2007). Oculocutaneous albinism. Orphanet journal
of rarc diseases. 2(1}). 43,

Granskov. K., Ek, J., Sand, A., Scheller., R., Bygum, A. Brixen. K., .. & Rosenberg, T.
(2009).Birth prevalence and mutation spectrum in Danish patients with autosomal
reccssive albinism. [nvestigative ophthalmology & visual scicnce,50(3), 1058-1064.

Harper,D.C. ct al, (2008). Premelanosome amyloid-like fibrils are composed of only golgi-
processed forms of Pinel17 that have becn proteolytically processed in endosomes. J Biol
Chem 283.4, pp. 2307-22.

Hawkes J. E., Cassidy P. B., Manga P., Boissy R. E., Goldgar D., Cannon-Albright L., &
Leachiman 5. AL, (2013) Repert of a novel OCA2 gene mutation and an investigation of
OCA2 variants on mclanoma risk in a familial mclanoma pedigrec, Journal of
dermatological scicnce, 69(1), 30-37

Hearing, V. J. (2005). Biogenests of pigment granulcs: a sensitive way 1o rcgulate melanoeyte
function. J Dermatol Sci 37.1, pp. 3-14.

OO
Screening of Genes involved in Non Syndromic Ocwocutaneous Hereditary Albinism 59



Chapter 5 References
e e = ——

Hutton, S. M., & Spritz, R. A. (2008).A comprehcnsive pgenetic study of autosomal recessive
ocular albinism in Caucasian patients.Investigative ophthalmology &  visual
seience, 49(3), 868-872.

Hutton, S. M., & Spritz, R. A. (2008). Comprehensive analysis of oculocutaneous albinism
among non-Hispanic caucasians shows that OCA! is the most prevalent OCA
tvpe. Journal of [hvestigative Dermatology, 128(10), 2442-2450.

[nagaki, K.. Suzuki. T., Ito. S., Suzuki, N., Adachi, K., Okuyama, T.& lwamatsu, H. (2006).
Oculocutaneous afbinism type 4: six novel mutations in the membranc-associated
transporter  protein  gene  and  their phenotypcs. Pigment Cell & Melanoma
Research, 19(5}), 451-453.

Inagaki. K., Suzoki, T., Shimizu, 1., Ishii, N, VUmeczawa., Y. Tada, J.. & Tanaka, M. (2004},
Oculocutaneous albinism type 4 is one of the most common types of albinism in
Japan. T'he American Journal of Human Genetics. 74(3), 466-471.

Ito, S and K. Wakamatsu (2008). Chemistry of mixed mclanogenesis pivotal roles of
dopaquinone. Photochem Photobiol 84.3, pp. 582-92.

lto, 5., & Wakamatsu, K. (2003). Quantitative analysis of euinelanin and pheomelarin in
humans, mice, and other animals: a comparative revicw. Pigment Cell & Melanoma
Research. 16(5), 523-531.

lte S.. & Wakamatsu. K. (201 1), Diversily of human hair pigmentation as studied by chemical
analysis of eumeclanin and pheomelanin. Journal of the European Academy of
Dermatology and Venereology. 25(12), 1369-1380.

Jagirdar, K.. Smit, D. J.. Ainger, S. A, Lee. K. ., Brown, D. L.. Chapman, B.. ... & Duffy, D. L.
{2014). Molecular analysis of comnmon polymorphisms within the human Tyrosinasc
locus and genctic association with pigmentation traits. Pigment cell & melanoma
research, 27(4}. 532-564,

Jimbow, K., Park, J. S.. Kato. F.. Hirosaki. K.. Teyotuku, K., Hua. C., & Yamashita, T. (2000).
Asscmbly, Target-Signaling and Intracellular Transport of Tyrosinase Gene Family
Proteins in the Initial Stage of Mclanosome Biogenesis. Pigment Cell & Melanoma
Research, 13(4), 222-229,

Kamaraj, B., & Purohit, R, {2014). Mutational analysis of oculocutaneous albinism: a compact
review. BioMed research international, 2014,

e . .

Screening of Genes involved in Non Syndromic Oculocutaneous Hereditary Albinism a0



Chapter s References

e ———— ——— —— ——__— |

Kausar, T,, Bhatti, M, A., Ali. M., Shaikh, R, §., & Ahmed, Z. M, (2013}. OCA3, a novel locus
for non-syndromic oculocutancous albinism. maps to chromosomc 4q24. Clinical
genetics. 84(1), 91-93,

Khan, M. A., Khau, M. A.. Akhlag. M.. & Zubair, M. (2015). Medico-Genetics of
Oculocutaneous Albinism; An Updated Study with Pakistani Perspective.Pakistan
Journal of Medical Research, 54(1), 33A.

King. R A, Willaert, R, K.. Schimidt, R. M, Pietsch, I., Savage, S., Brott, M, J., ... & Oectting,
W. S, (2003). MCIR mutations modily the classic phenotype of oculocutaneous alhinism
type 2 {OCA2). The American Journal of Human Genetics, 73(3), 638-643,

Kobayashi. T., & Hearing. V J. (20047). Direct interaction of tyrosinase with Tyrpl to form
heterodimeric complexes in vivo. Journs] of Cell Sgience, 120(24), 4261-4268.

Kondo, T.. & Hearing, V. J. (2011). Update on the regulation of mammalian melanocyte
function and skin pigmentation, Expert review ol dermatology, 6( 1), 97-108.

Lamason, R. L., Mohideen. M. A. P, Mest, 1. R., Wong. A. C.. Norton, H. L., Aros, M. C., &
Sinha. S. {2003). S[.C24A5, a putative cation exchanger, affects pigmentation in
cebrafish and humans. Scicnce, 3105755, 1782-1786.

Lewis, R. AL (2013). Oculocutancous Albinism Type 1.

LinS. Y., Chien. S, C.. Su. Y. N, Lee. C. N.. & Chen. C. P. (2006). Rapid genetic analysis of
oculocutaneous  albinism  (OCA1) usinyg  denaturing  high performance  liquid
chromatography(DIIPLC) system. Prenatal diagnosis, 26(S), 466-470.

Lopez. V.M., Decatur, C.L... Stamer, W.D., Lynch, R.M., and McKay, B.S. (2008). L-DOPA is
an endogenous ligund for OA L. PLoS Biol.6. €236.

Martinez-Garcia, M.. & Montoliu. L. (20!3). Albinism in Europe. The Journal of
dermatoloay. 40(58), 319-324.

Mauri, L.. Maofredini, E., Del Longo. A.. Veniani. E., Scarcello, M., Terrana, R.. ... & Marsico,
G. (2017). Clinical evaluation and molecular screening of a large consecutive series of
albino patients. Journal of human genctics, 62(2), 277-290,

Meredith, P., & Sama. T. (2006). The physical and chemical properties ot eumclanin. Pigment
Ccll & Melanoma Rescarch, 19(6), 572-594.

Screening of Genes involved in Non Syndromic Oculocutaneous Hereditary Albinism 61



Chapter 5 References
=== - —————— >

Mondal, M., Sengupta, M., & Ray, K. (2016). Functional assessment of tyrosinasc variants
identified in individuals with albinism is essential for unequivocal determination of
penotype-to-phenotype correlation. British Journal of Dermatology, 175(6), 1232-1242.

Mondal, M., Sengupta, M., Samanta, S.. Sil. A.. & Ray, K. (2012). Molecular basis of albinism
in India: ELvaluation of seven potential candidate genes and some new
findings. Gene, 311(2). 470-474,

Montoliv. L., Gronskov, K., Wei. A. Il.. Marlinez-Garcia, M., Fernandez, A., Arveiler, B., ... &
Roscnberg, T. (2014).Incrcasing the complexity: new genes and new types of
albinism. Pigment cell & melanoma research, 27(1), 11-18.

Newlon, J. M., Cohen-Barak, Q.. MHagiwara, N.. Gardner, J. M., Davisson, M. T., King, R. A, &
Brilliant, M. H. (2001).Mutations in the human orthologue of the mouse undenwhite gene
{uw) undcrlie a new form of oculocutaneous albinism, QCA4. The American Journal of
Human Genetics, 69(5). 981-988

Norval, M., Lucas, R. M., Cullen, A. 1. De Gruijl, F. R., Longstreth. J.. Takizawa. Y.. & Van
Der Leun, J. C. (2011). The human health effects of ozone depletion and interactions with
climate change. Photochemical & Photobiological Sciences, 10(2). 199-225,

Nusinowitz, S., & Sarraf, D. {2008). Relinal function in X-linked acular albinism (OA1}. Current
eye research, 33(8), 788-803.

Oetting, W. S, (2000). The tyrosinase gene and oculocutaneous albinism type 1 ({OCAT): a modcl
for understanding the molecular biology of melanin formation. Pigment Cell &
Melanoma Research, 13(3), 320-325,

Qetting. W. 8., & King, R. A. {1999). Molecular basis of albinism: mutations and polymorphisms
of pigmentatton genes associated with albinism. Human mutation, 13(2), 99-115

Palmisano, I.. Bagnato, P.. Paimigiano, A.. Innamorati. G.. Rotondo, G., Altimare, D., & Marigo.
V. (2008). The ocular alhimism type 1 protein, an intracellular G protein-coupled
rcceptor,  regulates  iclanosome  transport  in pigment cells. Human molecular
genetics, 1 7(22), 3487-3501.

Park., 1, Y.. Kosmadaki. M., Yaar. M. & Gilchrest. B. A (2009). Cellular mechanisms
regulating human melanogenesis. Cellular and Molecular Life Sciences, 66(9). 1493-

1506.

- o . . ] A —
Screening of Genes involved in Non Syndromic Oculocutaneaus Hereditary Albinism 62




Chapter 5 References
e e e

Park. S. H.. Chae, H., Kim, Y., & Kim, M. (2012). Molecular analysis of Korcan patients with
oculocutancous albinism. Japanese journal of ophthalmology, 56(1). 98-103.

Potterf, S. B.. Furumura, M., Sviderskaya, £. V., Santis, C.,, Bennett, D. C,, & Hearing, V. J.
(1998). Normal Tyrosing Transport and Abnormal Tyrosinase Routing inPink-Eyed
DilutionMelanocyies. Experimental cell research, 244¢1), 319-326.

Puri, N., Durham-Pierre, D., Aquaron. R., Lund. P. M., King. R. A, & Brilliant. M. 1. (1997).
Type 2 oculocutaneous albinism (OCA2) in Zimbabwe and Cameroon: distribution of the
2.7-kb deletion allele of the P genc. Human genetics, 100{5), 651-656.

Puri, N., Gardner, J. M., & Brilliant, M. H. (2000). Aberrant pH of melanosomes in pink-eved
dilution (p) mutant melanocytes. Journal of investigative dermatology, 115(4), 607-613,

Ray. K.. Chaki. M., & Sengupta, M. (2007). Tyrosinase and ocular diseases: some novel
thoughts on the molecular basis of oculocutaneous albinism type 1. Progress in retinal
and cye rescarch, 26(4), 323-338,

Roonvek, C..Marice-Picard. F.. Elgioglu, N. H., Lacombe. D., Taieb, A.. & Arveiler, B. (2008).
Molecular diagnosis of oculocutaneous albinism: new mutations in the OCA1—4 gencs
and practical aspects. Pigment cell & melanoima research, 21(5), 583-587.

Rosembiat.S., Durham-Pierre. D., Gardner. J, M., Nukatsu, Y.. Brilliant, M. 1., & Orlow, S. J.
(1994).Identilication of a melanosomal membrane protein encoded by the pink-eyed
difution (type 11 oculocutaneous albinism)gene. Proceedings of the National Academy of
Sciences, 91(25). 12071-12075.

Rundshagen. U., Zuhlke, C.. Opitz, S, Schwinger, I%.. & Kismann-Kellner, B. (2004). Mutations
in the MATP gene in five German patients affected by oculocutancous albinism type
4, Human mutation, 23(2), 106-110.

Sambrook J., and Russcll, D. W. (2001). Malceular cloning: A laboratory manual 3™ edition.
Cold spring-harbour laboratry press, UK.

Sarangarajan. R., & Boissy. R. E. (2001}, Tyrpl and oculocuiancous albinism type 3. Pigment
Cell & Melanoma Rescarch, 14(6), 437-444.

Schiaffino, M. V. (2010). Signaling pathways in melanosome biogenesis and pathology. The
international journal of biochemistry & cell biology, 42(7), 1094-1104.

Schiaffino, M. V., Baschirotto, C., Pelegrini, G.. Montatti, S., Tacchetli, C., De Luca, M., &

Ballabio, A. (1996). The ocular albinism type 1 gene product is a membrane glycoprotein

L .. L . ]

Screening of Genes inyolved in Non Syndromic Oculacutaneous Hereditary Albinism 63



Chapter 5 References

localized 1o melanosomes. Froceedings of the National Academy of Sciences, 93{17),
9055-9060.

Schiaffine, M. V.. & Tacchetti, C. (2005). The ocular albinism type ! (OAl} protein and the
evidence for an intraccllular signal transduction system involved in melanosome
biogencsis, Pigment Cell & Melanoma Rescarch, 18(4), 227-233,

Simeonov, D. R., Wang, X., Wang, C., Sergeev. Y., Dolinska, M., Bower, M., ... & Huizing, M.
(2013). DNA variations in oculocutancous albinism: an updated mutation list and current

outstanding issues i molecular diagnostics. Human mutation, 34(6). 827-833.

Spritz. R, A., Chiang, P. W., Oiso. N., & Alkhateeb, A. (2003). Human and mouse disorders of
pigmentation. Current opinion in genctics & development. 13(3), 284-289.

Spritz, R, A.. Fukai, K., Holmes, S. A.. & Luande, J. (1995). Frequent intragenic deletion of the
P gene in Tanzanian patients with type Il oculocutaneous albinism (OCA2). American
Journal of human geneties, 36(6). 1320.

Stevens, (., Ramsay. M., & Jenkins, T. (1997). Oculocutaneous albinism (OCA2) in sub-
Saharan Alrica: distribution of the common 2,7-kb P gene deletion mutation. Human
genctics, 99(4), 523.527.

Stevens, G, Van Beukering, )., Jenkins. T., & Ramsay, M. (1995). An intragenic deletion of the
P pene s the common mutation causing tyrosinase-posilive oculocutaneous albinism in
southern Atrican Negroids.American journal ot human genetics, 56(3), 586.

Summers,C.  G£2009),  Albinism: classification, clinical characteristics, and  recent
(indings. Optometry & Vision Science, 86(6), 659-662.

Suzuki. T, & Tomia. Y. (2008). Recent advances in genetic analyses of oculocutaneous
albinrsim types 2 and 4. Journal of dermatological science,51(1), 1-9.

Suzuki, T.. Miyvamura, Y.. Ilnagaki, K., & Tomita,Y, (2003). Characterization of the human
RAB38 and RAB7 gcnes: exclusion of new major pathological loci for Japanese
OCA. Journal of dermatological science, 32(2), 131-136.

Tandon. 8. (2016). Know more about ALBINISM. International Journal ot Multidisciplinary

Approach & Studies. 3(1).

S o e s T

Screening of Genes involved in Non Syndromic Oculocutancaus Hereditary Athinism 64



Chapter 5 References
[ e e — e e e

Thees, Alexander C., Steven T. Truschel, GraA§a Raposo, and Michacl S. Marks (2005). The
Silver locus product Pmell7/gp! 00/Silv/ME20: controversial in name and in function.
Pigment Cel! Research 18.5, pp. 322-336.

Tomita. Y., & Suzuki, T. (2004, November). Genetics of pigmentary disorders. In American
Journal of Medical Genetics Part C: Seminars in Medical Genetics (Vol. 131, No. 1, pp.
75-81). Wiley Subscription Services, Inc., A Wiley Company.

TOMITA. Y., MIYAMURA, Y., KONO, M., NAKAMURA, R.. & MATSUNAGA, . (2000).
Molecular bases of congenital hypopigmentary disorders in humans and oculocutaneous
albinism 1 in Japan. Pigment Cell & Melanoma Research. 13(s8), 130-134.

Tuyofuku, K., Valencia, J. C., Kushimoto, T., Costin, G. E., Virador, ¥. M., Vieira, W. D., ... &
Hearing, V. J. (2002). The ctiology of oculocutancous albinism (OCA) type II: the pink
protein modulates the processing and transport ol tyrosinase. Pigment Cell & Melanoma

Research, 15(3). 217-224,

Tevotuku, K., Valencia, 1. C., Kushimoto. T., Costin, G. E., Virador, V. M., Vieira, W. D., . &
Hearing. V. J. (2002). The ctiology ol oculocutaneous albinism (OCA) type Ll: the pink
protein modulatcs the processing and transport of tyrosinase. Pigment Cell & Melanoma
Research, 15(3), 217-224.

Uehara, S.. lzumi, Y., Kubo, Y., Wang, C. C,, Minela, K., lkeo, K., ... & Shibahara, S. (2009).
Specilic expression of Gstad in mouse cochlear melanocytes: 4 novel role for hearing and
melanocyte differcntiation. Pigment cell & melanoma research, 22(1), i11-119.

Wasmeier.C., Hume, A. N.. Bolasco, G.. & Seabra, M. C. (2008). Melanosomes at a glance. |
Cell Sci, 121{24). 3995-3099.

Wapenaar, M. C., Bassl, M. T., Schaefer, L., Grillo, A., Ferrero, G. B., Chinault, A. C., ... &
Zoghbi, H. Y. (1993). The genes for X-linked ocular albinism (QA1) and microphthalmia
with linear skin defects (MLS): clening and characterization of the criical
regions. Human molecular genelics, 2(7), 847-952.

Wei, A. IL, Zang, D. )., Zhang, Z.. Liu, X. Z,, He. X.. Yang, L., ... & Yang. X. M, (2013).
Exome sequencing identifics SLC24A5 as a candidate gene lor nonsyndremic

oculocutancous albinism. Journal of lavestigative Dermatology, 133(7), 1834-1840.

E e . . ]
Screening of Genes involved in Non Syndromic Oculocutaneous Hereditary Albinism 65



Chapter 5 References

e ——————————————L_—a—

Wei, A, Wang, Y. Long, Y., Wang, Y. Guo, X., Zhou, Z, ... & Li, W. (2010). A
comprehensive analysis reveals mutational spectra and cemmon alleles in Chinese
patients with oculocutaneous albinism. Journal of Tnvestigative Dermatology. 130(3),
716-724.

Wei, A.Yang, X., Lian, S, & Li. W. (2011). [mplementation of an optimized strategy for
genetic testing of the Chinese patients with oculocutaneous albinism. Journal of
dermatological science. 62(2), 124-127.

Wright, C. Y., Norval. M., & Hertle, R. W., (2015). Oculocutangous Albinism in Sub-Saharan
Africa: Adverse Sun-Associated Health Eftecis and Photoprotection. Photochemistry and
photobiology, 91(1). 27-32.

Zhang, W., Dai, M., Fridberger, A., Hassan, A., DeGagne, 1., Neng. L., ... & Auer, M. (2012).
Perivascular-resident macrophage-like melanocytes in the inner ear are essential for the
integrity of the intrastrial fluid-blood barrier. Proceedings of the National Academy of
Sciences, 109(26), 10388-10393.

Zithlke, C., Criée, C.. Gemoll. T., Schillinger, T., & Kaesmann-Kellner, B. (2007).
Polymorphisms in the genes for oculocuianeous albinism type 1 and type 4 in the German

population. Pigment Cell & Mclanoma Research, 20(3), 225-22

L — ——_ ___ _____ _ ____ _  ___ __ _____ ____ "~ T "]

Screening of Genes involved in Nan Syndromic Oculocutaneous Hereditary Albinism 66



PATIENT NAME: S)hgg b, Q;xg*n!—g&' )n\)oov
DATE OF BIRTH: 1600, )00 |, y olo

DATE OF VISIT: Yebs Dalq

What are their main medical problems?

They had visuad Peoblems shypabpig-

mentalaon ©of <alkdin and haiv as
us LA

Wwhat age did these problems start?

Ar UL Yime of biviy

Have these problems got worse, better or stayed the same?

p—

QY ed WL  same

Were they born at the right time, were there any problems when they were born?

Yes, no LGJ_j have only
Phenskype  thotr is  affedea

What did they weigh at birth?

<uhvob 6 peunds
Quvat-vi-ain Q‘pcuncls R 6uUNnes

N Yooy 1 Pounch

What age did they walk?

ANEe Yeay



When did they start talking?

oné YQQV —_ '8 mantns

Do they have learning difficulties, and if so please describe?

No, UL.{ don’t have

Have they had any seizures, and if so when did they start?

N o

Do they have any other health problems, for example is there a heart or kidney defect (and if so
what is this)?

Ne, Wy have Rt any heally,
P ¥oblevns

Have they ever had any operations or hospital procedure (if so what})?

o

Have they ever had any stays in hospital (if so why)?

N o

Have they had any clinical investigations (eg blood tests, metabolic tests, brain scans)

nJoy Uy had not any  clunical

invesHgakons



Can we have any copies of any hospital investigations, for example MRIs or metabolic tests (if
undertaken)?

No.

Do they see any doctars regularly {neurologist, paediatrician etc), and if so why?

NSRS

Do they have any unusual physical characteristics and look different from other members of their
family, for example finger/toe abnormalities or birthmarks?

O, Qr\\y pher\o\-gpe 1< QHQ‘-&.@'

r

Please obtain height, weight and head circumference measurements and state the age (years,
months} that these were obtained

Laokab S W inch ul \Ua
Quvat-ul-&in 27 4 \O\\kj
rJoav 3 v \ \& \Cj

Do they take any regular medication, and if so what for?

o

In addition to the above, please obtain photographs or videos of affected individuals

Attached e sulls



Basic Clinical Proforma

' ’( (74
PATIENT NAME: _B'Y <ha d \ \ha \‘u\l FO\Y‘\\ \7 B
DATE OF BIRTH: \SQ R 5 19
DATE OF VISIT: %e_\p\{w\bew PANES

What are their main medical problems?
\‘\\/PBQ‘\%NQV\\O\\:‘ GQwn ot
I\AGwn o g R eues
BYow N Ve on Cace & hands

What age did these problems start?

Tvom Divin

Have these problems got worse, better or stayed the same?

Shtayed same

Were they born at the right time, were there any problems when they were born?

p——

Ves, they kotn ok W ‘“Q\ﬂ\
Hwe . Hypon’xﬁméﬂ*q\\'On 'S
T om Wit

What did they weigh at binh?

Avewad 7 pounds
\dha s d 6'?00!\ ds

What age did they walk?

RAvshad W\ vanth
al d VI wnonih



0

When did they start talking?

Avehad 2 years
vwan 4 \Yeo\y . A manth

Do they have learning difficulties, and if so please describe?

o,  flearning  difHculwe s
Found

Have they had any seizures, and if so when did they start?

No , ey had not any
Q.SE\BUVQS

Do they have any other health problems, for exampie is there 2 heart or kidney defect {and if so
what is this)? .

ey hqt-\: nok- ony olley  healtn
‘\'ng\:;\ems

Have they ever had any operations or hospital procedure lif so what)?

vJo

Have they ever had any stays in hospital {if so why)?

Ja

Hawve they had any clinical investigations {eg blood tests, metabolic tests, brain scans)

W, they had nek



F]

0L

Can we have any copies of any hospital investigations, for example MRIs or metabelic tests (if
undertaken)?

WJo

Do they see any doctors regularly (neurclogist, paediatrician etc), and if so why?

N o

Do they have any unusual physical characteristics and look different from other members of their

* family, for example finger/toe abnormalities or birthmarks?

Jo , they had not any Unusu al
P\'\ysicql ’Chq(qcav{s\'ics

Please obtain height, weight and head ¢ircumference measurements and state the age (years,
months]) that these were obtained

Arshad ST inch 661y
alid € R Toky

Do they take any regular medication, and if so what for?

WJo

In addition to the above, please obtain photographs or videos of affected individuals

Phe togvaphs  weve afk ache d

™ U s\s



0

Basic Clinical Proforma

PATIENT NAME: e \LEQL
DATE OF BIRTH: \ O\ 0\ 6
DATE OF VISIT: D clemlney doib

What are their main medical problems?
Hypopigmer\m'ﬂb“ of Skin, Haiv
and Syes

What age did these prablems start?

At UL *ime of hirth

Have these problems got worse, better ar stayed the same?

L tayed UL same

Were they born at the right time, were there any problems when they were born?

Yes, only phenctype v affeded

What did they weigh at birth?

6 Pounds oune@s

What age did they walk?

W mantns

T am; \y‘ C

"



[ ]

When did they start talking?

one yeav 2 Yo month

Do they have learning difficulties, and if so please deseribe?

rNJ o

Have they had any seizures, and if so when did they start?

."\)0

Do they have any other health problems, for example is there a heart or kidney defect (and if so
what is this)?

Jo

Have they ever had any operations or hospita! procedure (if so what)?

rJo, UIJ-_\ had not ony GpequQns

Have they ever had any stays in hospital (if so why)?

NJ o

Have they had any clinica! investigations (eg blood tests, metabolic tests, brain scans)

*J) O



1

Can we have any copies of any hospital investigations, for example MRIs or metabolic tests {if
undertaken)?

rJo

Do they see any doctors regularly {(neurologist, paediatrician etc}, and if sa why?

o

Do they have any unusual physicai characteristics and look different from other members of their

" family, for example finger/toe abnormalities or birthrnarks?

ey, We has nok  unpguad PhySica)
Chavadarigcs only Phenaty pe

s afftedoy)
Please obtain height, weight and head circumference measurements and state the age {years,
months) that these were obtained

Heighnt T 71 inch
Lleight Lo \UJ

Do they take any regular medication, and if so what for?

N o

In addition to the above, please obtain photographs or videos of affected Individuals

Attadwd w5 sis



i

”
Basic Clinical Proforma FQM\ \y D

PATIENT NAME: BHoscan swdaavy
DATE OF BIRTH: SooMy Deob

DATE OF VISIT: _&_ AN O Y o\

What are their main medical problems?
\\ngpicmen‘CQHQ“ of <\an Naddy
and eyes - RBgown SDovs on UL
face of Hassan

What age did these problems start?

Tvoara  Divin

Have these problemns got worse, better or stayed the same?

Shrayed <Same

Were they born at the right time, were there any problems when they were born?

Ve , phenstype ¢ affeelesl

What did they weigh at birth?

W asgan PANAE]
)00V \Q \U‘]

What age did they walk?

one vyeav 2 month

¥



When did they start talking?

ONe  year & W wmowtn

Do they have learning difficulties, and if so please describe?

o

Have they had any seizures, and if 50 when did they start?
K.) Q

Do they have any other health problems, for example is there a heart or kidney defect (and if so
what is this]?

Ne ey have nok

Have they ever had any operations or hospital procedure (if so what)?

rJ O

Have they ever had any stays in hospital {if so why)?

rJ o

Have they had any ¢linical investigations (eg blood tests, metabolic tests, brain s¢ans)

A) O



Can we have any copies of any hospital investigations, for example MRIs or metabolic tests {if
undertaken)?

o

Do they see any doctors regularly (neurplogist, paediatrician etc}, and If so why?

~No

Do they have any unusual physical characterlstics and look different from other members of their
family, for example finger/toe abnormalities ar birthmarks?

o \ b“\Y ‘p\\gy\ O'\‘\, pe .IS O\chaﬂl

Please obtain height, weight and head circumference measurements and state the age (years,
menths) that these were obtained

Rassan 28 ky U"2 inen
MODV \O\ ‘Ui ?3” 6

Do they take any regular medication, and if 59 what for?

rNJo

in addition to the above, please abtain photographs or videas of affected individuals

—_—

£S5





