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Chapter 2 Literature Review

Aqueous Humor:

The equoes humor fills the eye and it is watery material. It’s divided into two chambers §vhich
are exterior and posterior in position. The anterior one is present in iris front, and the next one
which is posterior is directly behind it. Both layers permit the eye to sustain its original shape.
This liquid is drained through the Schlemm canalin order thatany buildup within
the eye is removed. If the patient’s liquid body substance "known is aqueous humor

isn’t exhausting properly, they’ll develop eye disease.

Nystagmus is involuntary condition or may be voluntary in occasional cases. (Zahn 1998) eye
movement may developed during at beginning or Ia;er in life, lead to reduced or restricted
vision attributable to uncontrolled or involuntary movement of the eye ,usually it's known as
"dancing eyes"(Weil 2013). Both type of nystagmus which is congenital and infantile are present
as a conjugate, eye horizontal vibration and oscillations, eccentric gaze, usually with a most
well-liked head flip and tilt. alternative connected options with this mfght contain gently
reduce sharp-sightedness, strabismus, astigmatism, and infrequently head cernuous and nodding
movement of eye recordings tell that infantile nystagmus is basically a horizontal jerk wave
shape, with a diagnostic fast speed slow stage however pendular and the triangular wave
shape may additionally be occur. Nystagmus might occasionally be vertical. as a result of these
patients typically have traditional visual modality, it's assume that the nystagmus characterizes a
key problem within the elements of the brain accountable for ocular motor control; that the
disorder has sometimes been termed 'congenital motor nystagmus (Tarpey et al., 2006; Shiels et

al., 2007). Identification of those genes which are concerned with rare conditions yields vital
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M

biological insights .For example, discovery of mutations within the SH2D1A gene (Coffey et al,
1998) (involved in sex cHromosome mainly of x chromosom lympho proliferative unwellness
(XLP, OMIM 308240) which lead to knowing and jdentiﬁcation of 5 brand new intercessor of
signal transduction between T and NK cells, and a completely unique family of proteins
concerned within the regulation of the immune reaction and response. Discovery of genes for
such type and also for different rare, inheritable disorders is of important and valuable in
extension of our understanding of basic new processes in human biology, and also the annotated

sex chromosome can additional facilitate this process (Ross et al, 2005).

These genes situated within a place of the sex chromosome known as the X- inactivation Centre
(XIC/Xic). It is believed that the two X chromosomes within a cell physically interact (observed
using fluorescence in situ hybridization (FISH)) at which time the XIC from each chromosome
are in direct contact. Following thfs, the TSIX mRNA levels on the chromosome to be
inactivated, rapidly plummet for unknown reasbns. This reduction in TSIX causes alterations in
the chromatin structure of the DNA at the XIC region resulting in a closed, hetero-chromatinized

structure.

Paradoxically, this causes the XIST gene in this region to increase expressioﬁ and XIST mRNA
then coats the X chromosome to be inactivated, rendering it inactive. TSIX also interacts with a
molecule that attaches methyl groups to the XIST promoter, which inactivates it. This possibly
represents a secondary mechanism for ensuring the XIST gene is inactivéted on the active X
chromosome. The X-inactivation that ensues is believed to be random as to whether the maternal
or paternal X is inactivated. Tissue ratio and binomial distribution are follow.
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This phenomenon has been used to explain the observation of manifesting female carriers of X-
linked recessive diseases due to variable degrees of silencing the X ch'romosome harbouring the
disease gene. However, some tissues have been shown to exhibit skewed X-inactivation such
that its constituent cells tend to show inactivation of one or other X chromosomes to a greater
degree than would be expected by chance. Again this phenomenon has been used to explain
manifesting female carriers of X-linked recessive diseasés where females have a phenotype
which is equally as severe as affected males suggesting near total silencing of the ‘normal’ X

chromosome.

The process of underlying skew X- One of two X chromosomes is at random inactivated in every
cell early in feminine embryonic development (Lyon, 1961) in order that it becomes
transcriptionally inactive and thereby equalizes the indefinite quantity of X-linked genes between
males and females. Each daughter cell then inactivates the same X chromosome as its parent
such that cells are clonally expanded with a particular X chromosome inactivated. Afterward
this time, methods able to differentiate between the two X chromosomes is accustomed track the
fate of the (Ross et al, 2005) totally different cellular populations. At the beginning,
differentiation was achieved victimization polymorphic accelerator or enzyme variants (Oni et
al 1970), but, a lot of recently, the actual fact that placental mammals methylate the inactive sex
chromosome and some restriction enzymes by selection cut the unmethylated allele, has

allowed a lot of widespread uses (Vogelstein et al, 1985).

Above all, the human steroid or androgen receptor locus has been found to be helpful because of

its enhance degree of hetrozygosity (about 90%) (AlIen et al, 1992). curiously, several tumors, as
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well as leukaemias, myelodysplasia, and myeloproliferative disorders, are shown during this way
to show and express just one sex chromosome which are x, implying derivation from one cell
(Fialkow, 1976, Anger, et al, 1990). This process in which inactivation of x occurs is complex. .
In humans the process involves methylation and modification of the chromatin structure of the
inactivated X chromosome resulting in a condensed, hyper-chromatinized structure called the

Barr body.

This process occurs before the gastrula stage of embryonic development and probably at the late
blastula stage when cells are differentiating from pluripotent and totipotent lineages (Strachan
and Read 2003). The process is thought to be controlled by two important genes and their
regulatory elements: the X inactive specific transcript gene (XIST) and its éntisense partner, the
X-inactivation-Specific Transcript-Antisense gene (TSIX) (Brown et al 1991, Marahrens, 1999).
Inactivation is planned and comprises each stochastic and non-stochastic process. Firstly, a
"selective advantage” of one sex chromosome mainly x, over the opposite may be a well-
described development within the extreme case wherever one sex chromosome is thought to hold

aillness gene and seems to be hand-picked against (Migeon, 1998, Luzzatto ef al, 1979).

This mechanism will operate within the absence of deleterious phenotypg or clearly injurious
constitution has additionally been shown in cats, wherever the sex chromosome of the Geoffroy
cat features a selective advantage over that of the domestic cat (Abkowitz et al, 1998). Secondly,
as a result of its believed that somatic cell mainly stem cell division might stochastically end in
zero, one or two daughter offspring stem cells, maﬁy stem cells might become overrepresented

or may be underrepresented by chance (Abkowitz ef al 1996, Christensen et al 2000). Thirdly,
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enlargement of a clone derived from one somatic cell mainly stem cell or their precursor might
occur with a proliferate advantage (cell selection) (Vickers et al, 2001) and therefore by
overrepresented. Fourthly, mutations or polymorphisms affecting the'control of X-inactivation
such as those occurring at the X- inactivation centre or the X inactive specific transcript gene

may skew inactivation ratios (Naumova et al 1996).

All of these proposed mechanisms lead to a somewhat confusing To prove definitively that X-
inactivation is responsible for an observed phenotype would be difficult and would require some
knowledge of how a phenotype is caused (including which cell population or tissue is
responsible), (Nhether the abnormal phenotype causes cell selection and what the tolerance to
abnormal gene product levels are. Similarly, it would be necessary to show that the tissue
sampled, is indeed responsible for the phenotype. Usually this can be ~owing to the observation
that though in normal females X-inactivation ratios square measure often similar between tissues
(Sharp et al 2000), in many condition of x linked complete skewing is also Irestricted to specific
cell lineages and completely different patterns of X-inactivation seen in all different tissues

(Belmont, 1995).

The x linked gene may also escape x inactivation to some extent an upto 15% and also the
proportion become different between different area of x chromosome (Carrel et al 1999, Carrel
and Willard, 2005) reflective the past and evolutionary history of the sex chromosomes. an
extra 10% of sex chromosome mainly x linked genes show different ordgr of inac-:tivation and
expressed to completely different extents from some inactive X chromosomes (Carrel and

Willard, 2005). Therefore, the degree of X-linked gene expression heterogeneity among females
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is great and complex. Methods of assessing X-inactivation and its contribution to phenotype are

therefore accompanied by an array of important caveats.

Mellott et al., (1999) provides a giant four-generation pedigree separating sex chromosome
mainly x linked conginetal nystagmus and deuteranomaly or inexperienced visual modality
defect .he studied large number of members of this family which are 65. Amon‘g of
these 65 members, thirteen members are affected with conjugate horizontal nystagmus Having
pendular or jerk waveforms. Many late members of the family were conjointly determined to be
affected with the same case which is known by examination of medicél records. Some member
had gently reduce visual sense conjointly however nobody had important ocular or
neurological abnormalities. Eighteen people were conjointly found to be deuteranomalous
trichromats, having five girls a minimum of one feminine is also a carrier for visual modality

defect and nystagmus.

Had one son suffer also witﬁ deuteranomaly seaparetly and a second one transmissible each
Condition. The examination of linkage was performed by Mellott et al.,(1999) and also noted
that scintist Rucker (1949) had reportable a family with sex chromosome mainly x linked
nystagmus during which a person having nystagmus and associate degree red-green
colorblindness had two affected daughters and an affected grandchild Oh et al,, (2007)
reportable five diseased members from three Korean families having sex chromosome x
linked conginetal nystagmus .Histories of nystagmus from birth in all are present and having
congugat ocular oscillations bilateral and no impairment within the affrent visual pathways.

Elaborated reports of the primary family mention that a six-year-old child had conjugate,
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horizental and pendular nystagmus major within the primary position. The nystégmus changed
into jerky nystagmus throughout lateral gaze. .various type of nystagmus ﬁay be appeared
during leftward gaze in which Left-beating, upbeating, and counterclockwise torsional
nystagmus appeared throughout , whereas right-beating, upbeating, and right-handed or
clockwise torsional nystagmus occur throughout rightward gaze. Optokinetic nystagmus
direction is also inverted. Such type of continuous eye movements didn't cause oscillopsia,
problem of reading, or giddiness. His mother which are 39-year-old _ had also abnormal eye

movements and head tilt rightward head since age one year.

Examination of ocular showed that the nystagmus and right exotropia  with clockwise,
dowenbeating and left-beating, torsional parts within the primary position. Nystagmus was
upbeating and right-beating, and also right-handed or clockwise torsional throughout
rightward gaze, and may also downbeating and left-beating, and counterclockwise torsional
throughout leftward gaze. Type optokinetic nystagmus direction should be opposite in each
patients. No complained of giddiness. Some members of the family had additionally abnormal
ocular oscillations. In The second family brothers are affected, and also affected male first
cousin, associated an additionally affected maternal grannie. The third family additionally had
some diseased membersin both male and female. - Eye-movement defect§ may be completely
thought by gaze evoked nystagmus, pendular and jerky oscillations, less or completely —absent

sleek pursuit and less or completely absent vestibuloocular reflexes.

Alternative feature enclosed increased rate waveforms, mostly foveation phases, direction

modification with gaze shift and also reversed optokinetics. The pattern is usually distinct, even
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Chapter 3

MATERIALS AND METHODS

Present Study involves two indispensable phases, i.e.; Field Work and Lab Work.

3.1 Field Work

3.1.1 Identification and Enrollment of Families

Family was visited at their local town to meet affected individuals as well as elder members to
get detail information about the disease status and after this pedigrees were drawn. The family
had other relatives affected with eye disorder and they were also included in the study depending
On their willingness and availability. Informed consent form (Figure 3.1) was obtained for
participating in this study.

Each family member are interviewed to get complete information about disease and also to
confirm the presence of other disorders. Family members were questioned about numbers of
patient in family, their history, numbers of generation involved, problems relating to vision and

infectious disease like meningitis, antibiotic usage and injury.
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ratio of 2.0. Ratios less than these indicate contamination of protein and the estimates of DNA

concentration would be inaccurate.
3.2.3 Candidate Gene Selection

Instead of linkage analysis, direct sequencing approach has been used during this study. For this
purpose, selection of the candidate genes was based on four approaches:

(a) Clinical analysis of the pedigrees of x linked nystagmus was used to rule out the possibility
of all other genes reported for other types of nystagmus.

(b) Mode of inheritance was checked during pedigrée analysis to identify the mode of
inheritance. Certain types of nystagmus only exhibit themselves in a particular mode of
inheritance. This was used to further strengthen the candidate gene analysis in conjunction with
the pathological conditions. |

(c) Previo;Js research work was used to identify the relationship of clinical analysis and mode
of inheritance with the possibility of finding causative genes in a certain pedigree.

(d) Exons with most mutations were searched from the reported mutations from different world
populations for nystagmus genes. Only the exons which are having most of mutations reported
for a certain type of nystagmus confirmed by clinical analysis and mode of inheritance with the

i

help of reported literature.

3.2.4 Designing of Sequencing Primers

Sequencing primers were designed after selection of candidate genes and their most plausible
candidate exon selection. Primers were designed using Primer3 web server (http://www-
genome.wi.mit.edu/cgibin/primer/primer3_www.cgi) for these two genes. The virtual

performance of designed primers against human genome were checked by In-Silico PCR utility
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Figure 4.1. pedigree of X-linked family PKNYS-09
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Figure 4.7. A representative PCR program used for amplification of PCR primers.
Table 4.3: Reaction mixture for PCR amplification
- Ingredients= - _>~‘FinalConc.>  .Sfock ~ Required- |
- R LS ) “Volume.
Genomic DNA 50 ng 25 ng/ul 2 ul
Primer Forward 0.5uM (5pmol) 10uM 1ul
Primer Reverse 0.5uM (Spmol) 10uM Lul
dNTPs(dATP,dTTP,dCTP, dGTP) : _ 0.2mM (200uM) 2.5 mM —..L.6ul_
PCR Buffer Ix 10x* AT
_____________ Magnesium Chloride 2.0mM __50mM 08wl
. ..Taq Polymerase 1 units 5_units/ul 0.5ul
dH,0 - - **a.5 10 20u]

* 10X PCR buffer (100 mM Tris Cl-pH 8.4, 500 mMKCI, and 1% Triton)

**  g.s = quantity sufficient
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4.7. Phylogenetic Analysis (Nucleotide Sequence):

Phylogenetic analysis for the gene FRMD7 was performed using nucleotide sequence from
different primates. Those organisms which are close to each other are much similar to each other
in nucleotide sequence while those organisms which are far away from each other are less

similar to each other in nucleotide sequence. Human and Chimpanzee were found closely related

to each other (Figure 4.9).
Human
{ Chimpanzee
Gorilla
— Orangutan
'] |

g Vervet-86M
+ Macaque
: Olive baboon

——1 Marmoset

Figure 4.9. Pylogenetic analysis of nucleotide sequence of FRMD7 gene in primates

4.8. Phylogenetic Analysis (Peptide Sequence):

The peptide sequence was also compared in various organisms. Those organisms which are
closer to each other are similar to each other while those organisms which are far away from

each are less similar to each other. Peptide sequence show phylogenetic relationships on the

42




T

Chapter 4 Results

basis of peptide sequence conservation. Homo sapiens is found closely related to Pan troglodytes

(Figure 4.10).

f—_M'u,S
L Rattus

Homo

Pan

Gorilla

Pongo

——— Oryctolagus

Ovis

Danio

Figure 4.10. Pylogenetic analysis of peptide sequence of FRMD?7 gene in different organisms

4.9. Multiple Sequence Alignment (Peptide Seqﬁence):

Multiple sequence alignment of peptide sequence (Figure 4.11) coded by exon nine (Figure 4.12)
was carried out for various organisms. Their comparison shows that amino acids that are
reported to be affected by different mutations in exon 9 are highly conserved among different

species (Figure 4.13).
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Chapter 5

DISCUSSION

Nystagmus is a condition in which eye movement is involuntary due to which it is sometimes
called “dancing eyes”. This may be acquired in infancy or later in life and may result in reduced
or limited vision. In normal individuals, if the head is rotated about any axis, eyes are rotated in
opposite direction to sustain distant visual images are sustained on the respective axis. Angular
acceleration is sensed by semicircular canals in the vestibule. Signals from here are sent to the
nuclei for eye movement control in the brain. Avsignal is then relayed from the brain to the
Extraocular muscles to allow fixation of one’s gaze on one object along with the head
movement. If the semicircular canals are stimulated while the head is not in motion, nystagmus
occurs. Whichever semicircular canal is stimulated Aescﬁbes the direction of ocular movement

being vertical, horizontal or circular (Leigh and Zee, 1999).

Nystagmus is caused by gene named as FRMD?7. This gene is composed of 12 exons. The
functional region o FRMD7 undergoes mutation and cause nystagmus. There are totally 22
Mutation reported in FRMD?7 (Tarpey et al 2006). Total mutation known in FRMD7 is
cosegregated with disease in linked families. The X chromosome holds a singular place within
the history of medical biological science. Identification of X-Linked disorder is increased by the
relative easy knowing this type of inheritance. Moreover, a disproportionately sizable amount of
unwellness conditions are related to the X chromosome as a result of the external appearance
consequence of a recessive mutation that is discloseci directly in males. This happens as a result
of all males is constitutionally hemizygous for any factor having no active counterpart on the Y
46
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chromosome. Thus, though the X chromosome contains solely four percent of all human genes,
virtually 10% of disorders with a Mendelian pattern of inheritance are allotted to the X
chromosome (307 out of 3,199; info obtained from the OMIM2TM repository (Online

Mendalian Inheritance in Man).

Present study was designed to study the molecular players of nystagmus in affected individuals
of collected family. Direct sequencing approach was used after -identifying the mode of
inheritance in the affected family. Most susceptible exons (9, 10 and 11) were sequenced in the

collected family; however no pathogenic variant was observed.

During this study, linkage analysis has not been performed; however, direct sequencing approach
was adapted. For this purpose, selection of the candidate genes was based on four approaches:
(a) Clinical analysis of the pedigree PKINYS-09 clearly indicated the presence of nystagmus.

(b) Mode of inheritance in the pedigree PKNYS-09 seems to be X-linked.

(c) Previous research work indicates that nystagmus can be manifested in an X-linked fashion
and a gene on X-chromosome named FRMD7 is responsible for the disease.

(d) Exons with most mutations wefe searched vfrom the reported mutations from different
world populations. Exons 9, 10 and 11 -were fohnd to be the most susceptible exons to find any
pathogenic variant, however, no pathogenic sequence variant was observed in all these thirteen

exons.
There could be several possible reasons for not finding mutations in the selected exons:

Firstly, all the exons were sequenced based on already reported mutations from different world
populations and reports on molecular genetics 'of nystagmus is scarce in Pakistani population.
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There is a chance of involvement of some other exon whose mutation is leading to nystagmus in

the PKNYS-09 pedigree.

Secondly, some mutation may be present in the 5’ and 3’ untranslated regions (UTRs) of the

gene or may be in promoter regions which were not tested due to shortage of time.

In order to pin-point the molecular reason for the nystagmus pathology in family PKNYS-09,
further study is required. If no pathogenic variant is observed in all the exons and the regulatory
regions of the gene, there could be the possibility of involvement of any other gene. In such
condition, this family can be subjected to whole exome sequencing to find the causative region
of the exome. This will further strengthen our understanding of the molecular genetics of

nystagmus.

Phylogenetic analysis was performed on nucleotide and peptide sequence of FRMD?7 gene.

Nucleotide sequence of different primates was subjected to multiple sequence alignment. Human

~ and Chimpanzee were found closely related to each other (Figure 4.9). Similarly peptide

sequence of FRMD7 from different species was aligned. Homo sapiens are found closely related
to Pan troglodytes ((Figure 4.10)). Further, Multiple sequence alignment of beptide sequence
(Figure 4.11) coded by exon nine (Figure 4.12) was carried out for various organisms. Their
comparison shows that amino acids that are reported to be affected by different‘ mutations in

exon 9 are highly conserved among different species (Figure 4.13).
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