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Screening for MEIOB Gene Mutations That Cause Premature Ovarian Insufficiency in
Five Palestinian Families.

By: Bara'ah Ayman Abu Shamseyah

Abstract

Infertility is the failure of a couple to achieve clinical pregnancy within 12 months of
unprotected regular intercourse according to World Health Organization (WHO). Female factors
account for about 50% of all cases. Approximately there is 30% of couples who suffer from
unexplained infertility which may be as a result of causes that could have a correlation with
endocrinological balance disorders, or maybe an immunology disorder or even by a genetic
issues. MEIOB is a single-stranded DNA-binding protein required for repairing double-strand
breaks (DSBs) during early steps of meiosis and crossover formation, thus for proper and correct
chromosome synapsis. Absence of MEIOB gene in mice led to sterility in both male and female
mice due to meiotic arrest. In this study we carried out Sanger sequencing to screen known
mutations in the Palestinian population, in premature ovarian insufficiency (POI), specifically
mutations in MEIOB gene, in five Palestinian families which have six females who's suffer from
POI. No mutation was detected in any of those individuals. After that we implemented linkage
exclusion technique to determine if any of our families cannot be excluded for linkage to the
MEIOB gene. Two markers was designed before and after MEIOB gene, results showed
homozygous data (in affected and un-affected member of chosen families), which mean that this
marker is not informative and can’t be used for linkage exclusion in this family. Unfortunately,

the second marker was not informative for same reasons.

Key words: Infertility , Premature Ovarian Failure (POI) , MEIOB gene.
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CHAPTER 1

Introduction

2.2.1 Infertility is the failure of a couple to achieve clinical pregnancy within 12 months of
unprotected regular intercourse according to International Committee for Monitoring
Assisted Reproductive Technology (ICMART) and the World Health Organization
(WHO) It is a great life crisis
which causes serious Mental, stressful, social, medical and financial effects for
infertile individuals.

Female factors account for about 50% of all cases
Female Infertility may be caused by many medical conditions that may damage the
fallopian tubes, causes hormonal complications, or interferes with ovulation. .
Different factors are attributed to infertility, such as ovulation disorders, which
considered as the most common cause of infertility in numerous studies
Tubal factor present the second common cause of female infertility
Genetic abnormalities such as chromosomal abnormalities

gene mutations (single or multiple) contribute to 5-10% of infertility, often result
from meiotic and mitotic errors . There are many chromosomal
abnormalities known that lead to infertility, the most common are Turner syndrome,
45,X0/46,XY mosaicism, and Down syndrome. There is also many Chromosomal
Structural Anomalies that lead to reproductive impairment in females

Approximately there is about 30% of couples suffer from Unexplained

Infertility (UI) which considered idiopathic

As a part of studying genetic etiology of female infertility in the Palestinian population, we
have applied direct Sanger sequencing to screen for MEIOB gene mutations in 6 infertile
Palestinian who suffer from Premature ovarian insufficiency. Most of them having an
Azoospermia relatives in their families. We tried to looking for a frame-shift mutation in
exon 12 of MEIOB gene (Meiosis Specific with OB-Fold Domain Coding gene) in those six
females from five consanguineous families, and two affected females were sisters. MEIOB
is a Single-stranded DN A-binding protein required for repairing DSBs during early steps of
meiosis and crossover formation, thus for proper and correct synapsis (Guo et al.,2020; Luo
et al.,2013). Absence of MEIOB in mice led to sterility in both male and female mice due to

meiotic arrest . A new MEIOB gene mutation was
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discovered in two females who suffer from POI, which was a homozygous variant at the
very end of exon 12 on oligonucleotide/oligosaccharide-binding (OB) fold domain 3 of
MEIOB. The predicted protein structure result with exon 12 skipping and a premature stop
codon. The truncation result from that mutation affects the C-terminal region where
SPATA22 supposed to bind, therefor, this will impair the interaction between MEIOB and
its partner SPATA22 so there will be no accomplished DSB's repair. Same and different
mutations in MEIOB gene were reported in a new three studies, and all of them were found
in infertile individuals of Arab origins

Unfortunately, we could not find the same MEIOB gene mutation in any of those females.

CHAPTER 2

Female Infertility
2.1 Infertility Definition and Epidemiology

Infertility is the failure of a couple to achieve clinical pregnancy within 12 months of
unprotected regular intercourse according to the International Committee for Monitoring
Assisted Reproductive Technology (ICMART) and the World Health Organization (WHO)
(Devroey et al., 2009; Oberoi, Khaira and Rai,2017). It is a great life crisis which causes
serious mental, stressful, social, medical and financial effects for infertile women, especially
in traditional societies. Many adverse effects of infertile couples, And Thus, there would
be a negative impact on the treatment (Dirckvand-Moghadam, Delpisheh and Direkvand-
Moghadam, 2014). Data collected from population based studies suggest that 10-15 % of

couples in reproductive age around the world experience infertility (Sormunen et al.,2018).

However, many regions tend to have much higher rates of infertility, reaching approximately
30% such as South and Central Asia, sub-Saharan Africa, the Middle East and North Africa,
Central and Eastern Europe (Inhorn and Patrizio, 2015). Current world population from the

WHO states that about , 72.4 million people are infertile (Boivin et al.,2007).

Several large scale studies have shown that female factors account for about 50% of all
cases, unlike underreporting of male infertility which accounts for about 20-30%, the high
rate evaluation for female factors reflects that female partner is often blamed for infertility,
therefore they will undergo fertility evaluation. The rest accounts 20-30% due to a

combination of both male and female factors (Agarwal et al., 2015).

2
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Total infertility is divided into primary and secondary infertility. Definitions of primary
infertility vary between many studies, but the suitable definition, which is driven by the
WHO, “Inability to conceive within 2 years of exposure to pregnancy (i.e.- sexually active,
non-contracepting, and non-lactating) among women 15 to 49 years old”. Secondary
infertility refers to the inability to conceive after a previous pregnancy (Adamson et
al.,2011). In the past, it has been found that primary infertility was more prevalent than the

secondary in many studies.

The proportions vary; many articles came with different results. Muhammad Usman Aziz
and his colleagues did a study that confirms the opposite, the ratio number of secondary
infertility increased, this could be due to inadequate care during previous pregnancies or

previous abortions which resulting in pelvic infections.

2.2 Etiology of female Infertility

Etiology of infertility predominance and patterns of causes of infertility in many regions are
diverse, that’s because there is a difference in the environmental conditions and also in
reproductive behaviors, such as age at marriage, changing in life style and diet,
environmental pollution and bad habits like smoking and alcohol abuse

. Female Infertility may be caused by many medical conditions that may damage
the fallopian tubes, causes hormonal complications, or interferes with ovulation. Different

factors are attributed to infertility including:

2.2.2  Ovulation disorders

Ovulation disorders are considered as the most common cause of infertility in numerous
studies Those disorders present in more than 25% in infertile females
couples, Scenario begin from anovulation, when the ovaries are fail to ovulate duo to
dysfunction or any suppression result from drug treatment. Women who do not ovulate also
do not menstruate and that called as amenorrhea . Amenorrhoea
often classified as either primary (absence of menses by 15 years of age in the presence of
normal growth and the secondary sexual characteristics) or secondary (absence of menses
for more than three cycle intervals or six months in women or girls who had irregular
menses) This disorder spectrum range from amenorrhea go through

oligomenorrhea until reaching irregular cycles
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The most common cause of ovulation disorders is Poly Cystic Ovarian Syndrome (PCOS).
The diagnostic criteria that have been used include : hyperandrogenism, oligo- or
anovulation , that criteria give it a nomenclature to Poly Cystic Ovarian Morphology
(PCOM) , after examination , PCOM defined as the number of follicle 12 or more at least

in one ovary in addition to the ovarian volume of more than 10 mm

2.2.3 Hypothalamic-pituitary-axis Disturbances .

For an appropriate female sexual development and function, hormonal systems should
work together to regulate the gonadal role. This is achieved by hypothalamic-pituitary-
gonadal (HPG) axis, which is composed of hypothalamic gland, pituitary gland, ovaries
and uterus as end organs, if there is any alteration in their function, the normal feedback of
this axis are troubled. The coordinator in this axis called gonadotropic releasing hormone
(GnRH), It has to be regularly provided in the right concentrations, to assure oocyte

maturation and well ovulation

GnRH stimulates the secretion of many gonadotrophins like low follicle-stimulating
hormone (FSH) and low luteinizing hormone (LH), that will encourage the secretion of
gonadal sex steroids such as Es. If the secretion altered, anovulation will take place either

by hypergonadotropic or hypogonadotropic hypogonadal
2.2.4 Tubal damage

Tubal factor present the second common cause of female infertility

define as the inability to become pregnant because there is a blockage in one or both
fallopian tubes. It's usually caused by infection in the pelvic, such as Pelvic Inflammatory
Disease (PID) . It also could be endometriosis when uterus and fallopian tubes are stuck to

each other, this occlusion prevent the egg transfer to the tube and thus produce infertility

There is many genes regulating the immune response in the body, any alteration in those

bring an unstable protein thus reduced antimicrobial activity, for example , substitution of
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guanine for adenine in MBL2 gene, therefor alter Mannose-binding lectin (MBL) and make

it ineffective in preventing reproduction tract microbes such as C. trachomatis

225

2.2.6

Chromosomal anomalies

For anonymous reason, gametes of females are more susceptible to errors during
meiotic recombination and nondisjunction. It could occur at chromosome
segregation or pairing Genetic abnormalities
such as chromosomal abnormalities gene mutations (single or multi) contribute to 5—
10% of infertility . For example, Turner syndrome (45,X or
mosaic with 45,X/46,XX ; 45,X/47,XXX) is a neurogenic disorder known by partial
or complete loss of X chromosome . It's a rare condition that
found in approximately 1 in 2,000 baby girl . Girl with TS
express only one normal X chromosome resulting in 45,X karyotype, but it could
express also another types of karyotyping, anyway, in all types the x chromosomal
material still missed. There are many features that exist in TS female, the most
common are delayed in puberty, ovarian failure and in addition to hypergonadotropic
hypogonadism and infertility

The only gene which thought to be responsible for those features is SHOX (encoding
short stature homeobox protein), which exist in pseudoautosomal region of Y and X
chromosome. The growth defect correlated with the under-expression of SHOX
because it's escape from X-inactivation

There is also Chromosomal Structural Anomalies that lead to reproductive
impairment in females. It occurs when part of a chromosome is inverted, joined with
another chromosome, adding a new segment or when a deletion in chromosome
segments happened. However, infertility could arise as a result of balanced

rearrangement which produce un-balanced gametes

Idiopathic female infertility.

Idiopathic or unexplained female infertility refer to females whose try to get pregnant

but failed even though all of tests are normal, such as ovulation or tubal patency
Approximately there is about 30% of couples experience Ul

. The causes of UI could
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have a correlation with endocrinological balance disorders, or maybe an immunology
disorder or even by a genetic issues.

2.2.7 Epigenetic Factors
Epigenetic refers to any modification at molecular level in chromatin that alters gene
expression and stability without any alteration in DNA sequence. Mainly correlated
with phenotype changes . Many of the epigenetic changes such as
DNA methylation or histone modification occur in sperm and egg cells of parents,
and could escape from the reprogramming. This could lead to an acquired event of
epigenetic, which passed to next generation
Epigenetic is very essential during oogenesis, post implantation and placentation,
this leads to long and short term of adverse effect for female or even for the
fetus Many environmental changes and lifestyle factors lead to
epigenetic alterations, such as smoking, the exposure to chemical detergents, or even

stress
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CHAPTER 3

Meiosis
3.1 Meiosis and Meiotic Recombination
Meiosis is the process by which haploid gametes (egg and sperm) are generated from their
diploid precursor cells. It produces variation through the involvement of two rounds; one
round of DNA replication followed by two rounds of chromosome segregation, called
meiosis [ (MI) and meiosis I (MII) in order. The first reductional division MI comprises
homologous chromosomes segregation, while the second equational division is MII, where
the sister chromatids segregate . Meiosis I start with a very
complicated phase called prophase, where the genetic information of homologous
chromosomes is exchanged. This stage is
divided into five sub-groups, including leptotene and zygotene where the pairing is
accomplished between each chromosome and its homologue, through the formation of
chiasmata along the length of that pair . Once this happens, a
tri-partite protein structure called Synaptonemal Complex (SC) will mediate that assembly
by being a key component that maintains synapsis at the pachytene stage

. The major components of the SC are the axial elements (AE), which have SC
proteins 2 and 3 (SYCP2, SYCP3). The other components are central element (CE) and
transverse filaments (TF) which are mainly composed of central element proteins 1 (SYCP1)
and (SYCE3)
Meiotic crossover recombination accomplished between the aligned homologs. It ensures
that the segregation of homologs at MI is appropriate and correct, thus it will produce a
genetic diversity in turn . The introduction of the crossover
recombination is the formation of double-strand breaks (DSB), if the double-strand DNA
breaks do not go correctly, it could be deleterious to the cell or even introduce a cell death

Many large sites around the DNA break are marked by
phosphorylated histone H2AX (YH2AX)
DSB formation needs many mitotic recombination genes, such as SPO/1 and RAD50
, any disruption or mutation in genes that have a role in that formation, a

blockage will happen, this will result in a chromosome —nondisjunction at meiosis I
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SPO11 is involved as a catalytic protein that acts directly on DSB's sites through

topoisomerase-like reaction, which is a cleaving activity that cut DNA

There are many biochemical stages included after DSB formation, initiate with resection the
DNA breaks by helicases and nucleases to produce an extended region of over hanged 3'
single-stranded DNA (ssDNA), which will then bounded by a replication protein A (RPA)

RPA coats ssDNA and protect it
from degradation by inducting many DNA repairs and replication factors ,
and taking off many inhibitory secondary structures during that,
RPA will rapidly be displaced after facilitating the binding of recombination mediators,
DNA Meiotic Recombinase 1 (DMC1) and recombinase radiation-sensitive 51 (RADS1),
the result will come here as a nucleoprotein filament which boosts single end strand invasion
and homology search . Here, 3' strand extended and
also invades the existing homologous duplex, displacement loop (D-loop) and heteroduplex
generation accomplished . Two possible consequences come
after that, first known as the DSB repair pathway (DSBR). The D loop here grab the second
3" end, DNA synthesis fills the gaps formed by the resection, in accordance with that, end
ligation occurs and a double-Holliday Junction (dHJ) formed

Here we have reached the point that we describes the role of the MEIOB gene; all stages that
begin with DNA synthesis until dHJ formation depends on MEIOB protein with help from
its cofactor named Spermatogenesis-associated protein 22 (SPATA22); specifically after the
invasion of the strand; MEIOB linked with ssDNA and react with RPA proteins which
immediately coats the formed D loop until the step of dHJ figuration

The dHJ take one of two scenarios, it could be either resolved through endonucleolytic
cleavage and then a ligation to produce two types of recombination products, cross over
(CO) often referred to as reciprocal exchanges. The alternative model is non-crossover

(NCO), its often denomination as gene conversions

On the other hand, dHJ may not be created, instead it take other model, the synthesis-
dependent strand-annealing (SDSA). The D-loop disjointed by the displacement of the
strand which newly created, repair of the break also done by DNA synthesis and ligation,
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gene conversion generated without crossover . For more eludication follow

below.

DSB formation

3
(a) : 5’ to 3’ resection
-— ¢7 5
Heteroduplex
| S
/ m—— Strand-invasion, D-loop
(b) f formation, DNA synthesis

(dotted line)

SDSA
Second end caplure, / \ Strand-displacement
synthesis, ligation
A 1 I Y o

DSBR

Holliday junction Strand annealing,
resolution ¢ * synthesis, ligation

* Mismatch repair
Mismatch repair * Crossover point

—I _________ —
R )
Gene conversion
Crossover O€ne conversion tract
point tract
Gene conversion Gene conversion
with crossover without crossover

Figure 3.1: Represents the formation of double-Holliday Junctions (dHJs) by Double-
strand break repair (DSBR) and synthesis-dependent strand-annealing (SDSA)
pathways. After DSB formation and resection of their 5' ends, 3' single strand invades
the homologous duplex, heteroduplex and D loop formed, dHJ generated. This
recombination intermediate may be resolved to generate crossover products. Or taking

the other pathway to generate a non-crossover product
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3.2 Oogenesis

Oogenesis is an process that begins from the embryonic phase lasting until reaching
menopause Primary cells that used in oogenesis are primordial germ
cells (PGCs),which will differentiate later through mitosis to generate oogonia, at that
point, primary oocyte will arrested in prophase I
However, prophase stage include synapsis and cohesion to get then
program of mitotic recombination (discussed previously in details), which together are
fundamental to obtain (DSB) repair and succeeded MI chromosome segregation
. As mentioned before, SPO11 topoisomerase begins chromosome DSB

repair mechanism . An extended region of ssDNA produced and
then coated by RPA complex to protect it from degradation

. There are many markers and transcription factors included such as SYCP3,

SYCP2, SYCE1, TRIP13 and STAG3 whom indicated in

Posteriorly, RPA will be displaced after facilitating the binding of many recombination
mediators including BRCA1,BRCA2,HFM1,MEIOB, SPATA 22, RAD51, DMCI,
MSH4,MSHS5, MLH3 and other indicate in

Any defect in prophase I steps cause many infertility defects such as POI,
because that damaged oocyte will picked out from ovaries reserve.
Each oocyte will be surrounded by pre-granulosa cells to become a primary follicles,
and this pool of follicles will represent the exact female ovarian reserve and
reproduction ability after birth, but it should be at dormant arrest until puberty, oocyte
continue growing in size inner the follicles
Resumption of meiosis is initiated by a hormonal stimulation at puberty, causing oocyte
to become mature in size and ready to get out from the ovary and move on until
reaching the oviduct to start ovulation, once it starts, maternal RNA translation occurs.

. Resuming begins with spindle formation at metaphase I, which is

fundamental for correct chromosome segregation, any defect in genes responsible in
that, infertility could outcome. Following asymmetric cytokinesis, the oocyte will arrest

again at metaphase II until it is fertilized.

10
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Figure 3.2: illustration of oocyte meiotic maturation steps, including prophase I and oocyte
arresting, meiotic resumption, meiosis I completion include complete chromosome
segregation and finally meiotic cell cycle regulation, with involvement of molecular factors

in each phase. (¢) indicates genes only involved in that review
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CHAPTER 4
MEIOB Gene

4.1 Human MEIOB gene representation and its chromosomal location.

MEIOB is abbreviation for Meiosis Specific with oligonucleotide/oligosaccharide-binding
OB-Fold Domain Coding gene. It is a Single-stranded DNA-binding protein required for
repairing DSBs during early steps of meiosis and crossover formation, proper and correct
synapsis, maintain an efficient number of some recombinases such as RAD51 and DMC1
foci after the stage of zygotene. Preserving the stabilization of many recombinases required
for successful meiotic recombination. Furthermore it shows Single-stranded DNA 3'-5'
exonuclease activity in vitro (Guo et al.,2020; Luo et al.,2013) .Those functions will be
discussed minutely in later sections. By using UCSC genome browser, the MEIOB gene is
localized on chromosome 16p13.3 (chr16:1,883,984-1,922,179) in humans with length of
38,196 bp, its composed of 14 exons. The represent the human MEIOB gene

from UCSC genome browser and its chromosomal location.

chr16 (p13.3) [16p13.3 B BN K] REXl16p11.2] 16011.2 FiEEN122] 16021 BNl Ba231 8

Figure 4.3 : UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

4.2 MEIOB protein structure
MEIOB protein structure have been detected by Souquet and his colleagues by using an
InterProScan Search. They identify a 3 DNA binding domains (dbd), called
oligosaccharide/oligonucleotide binding (OB) folds, which allow a binding activity on
ssDNA. Those OB folds are same as those of RPA1, both are homologue (Souquet et al.,

If we take a look on the similarities between MEIOB and RPA1, we note that both
have 2 OB fold domains, and another third long C-terminal OB domain . Ribeiro
and his colleagues used the Sequence Similarity DataBase of the Kyoto Encyclopedia of
Genes and Genomes (KEGG SSDB), they discovered that there is a 30-amino acid inserted,
which contain a putative zinc ion-binding domain in Homo-sapiens. This motif take a shape

as double zinc ribbon in both MEIOB and RPA1, but they different in the number of amino

12
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acid residues subsist between cysteines. However, there is N-terminal domain exists in

RPA1 which is missing in MEIOB This absent
domain create another specific interactions for MEIOB, RPA1 still cannot recompense the
missing of MEIOB, that showed in mice which mutated and become MEIOB™", every one

of them has its own interactions, but both are remarkable in meiosis

MeioB

470 AA
OB1 — OB 2 - OB 3

: ..-!._

Zinc domain

Figure 4.4: (a) Stereo ribbon presentation for MEIOB domains structure. Yellow, green and
red ribbons reflect the OB fold domains 1,2 and 3. Orange ribbon represent zinc ion-binding
domain, the gray shows linkers that are unfolded . (b) modest
illustration for MEIOB domains structures, blue boxes represent MEIOB OB fold domains,

orange block represents zinc ion-binding domain
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4.3 MEIOB and evolution

Decades ago, RPA4, was the only RPA paralog in mammals, its belonging to RPA2
family But recently, a new work discover MEIOB protein as a novel
paralog for Rpal in metazoans. That work was done by Luo's and Souquet's squad in 2013.
Souquet's squad try to find out MEIOB homologs by using tBlastn searching in the full
length sequence or even in the short conserved motifs, they found that there is homologs in
the genomes of almost all metazoan but not in Nematoda. They also did multiple alignment
for the amino acid sequence in full length, to indicate the high degree of conservation of the
different MEIOB homologs in vertebrates, for example, the identity between mouse and
human was 85% and similarity count 90%. However, invertebrates showed extremely lower
conservation such as in mouse and fly, identity was only 23% . Furthermore, no MEIOB
orthologs was indicated in the genomes of fungi and plants

Interestingly, souquet's squad also found out an ortholog in a uni-cellular organism named as
Capsaspora owczarzaki, this bring a strong clue that MEIOB evolved from RPA1 before 600
million years ago, by suggesting that a duplication event execute prior the metazoans
manifestation Ribeiro's group recently puzzled out MEIOB sequence
similarity between some fungal genome and metazoan. That’s mean, MEIOB evolved from

ancient time A phylogenetic tree placed below for MEIOB orthologs

14
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Vertebrates
Invertebrates
Fungi

Plants

figure 4.5: Phylogenetic tree for MEIOB orthlogs in vertebrates and invertebrates, the
missing of that orthlogs in plants and fungi.

4.4 Putative roles of MEIOB

Souquet’s squad investigate the role of MEIOB protein in-vivo by introducing a MEIOB™-
mutant male and female mice. They investigate the MEIOB is one of the core genes that
essential in meiosis, mutation result in sterility because there was arresting in prophase 1
stage. Impairment in chromosome synapsis and DSB's repair was clear in MEIOB™
meiocytes . Same result in Luo's group were indicated, they proceed
systematical proteomics screening for novel meiotic chromatin-associated proteins in mice
Consequences of the deleted MEIOB indicated as destabilization of
DMCI1 and RADS51. Suggestions tells that after strand invasion the meiotic recombination
failed, or there would be instability in DMC1 and RADS] filaments. . Immunolocalizations
was applied with antibodies recognition, staining indicate a huge decrease in DMC1 and

RADS1 at zygotene and pachytene-like stages. That’s mean, MEIOB is essential for
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maintain a proper number of recombinases, on the other hand, MEIOB not vital in the initial

induction of those recombinases

Another study performed next by a different group, they discovered that spermatocytes in
rats which is missing SPATA22 have been arrested in zygotene-like stage of meiosis.
SPATA22 known as a partner for MEIOB protein. Although, RPA1 foci was in a normal
range as usual, but RADS51 foci was not in regular situation. At first, the number is normal,
but then, it start to descend from the leptotene-like stage. All of those results suggest that
SPATA22 deficiency impair the stabilization of RADS51, but not the localization of it during

meiosis

Examination of truncated MEIOB binding activity to o ssDNA and dsDNA (double stranded
DNA) was done by Luo's group. MEIOB demonstrate 3'-5' exonuclease activity specifically
for ssDNA, and depend on Mg ?*. Binding affinity was droopy in the shorter

oligonucleotides of 5-15 nt in vitro, but firmly binds to those greater than 18 nt, this is a hint

predict that the enzymatic activity of MEIOB expand together with DNA binding

4.5 RPA-MEIOB-SPATA22 complex model.

During early meiotic recombination steps, exactly in DSB formation, there is no role
for MEIOB gene, until completing strand invasion. After that, MEIOB and its
partner SPATA22 react with RPA after binding ssDNA.

That tri-complex coats the sSDNA of the second end and also the D-loop as well.it
interposes second end-capture. The second end capture is precondition for dHJ
formation. After strand invasion First-end initiate the DNA synthesis to expand the
D-loop across to the second end, ligation is needed here for the second end and the
first end. Another DSB's repair scenario could occur through SDSA pathway
(explained in details previously). MEIOB exonuclease activity removes the 3' flaps

of the ssDNA from the first-end DNA synthesis in both scenarios
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Figure 4.6: MEIOB-SPATA22-RPA complex and their key function during meiotic

recombination.

4.6 MEIOB expression

MEIOB reverse transcription was used in mice tissue (adult and fetal). It was

expressed in fetal ovaries, liver and in postnatal testis also. MEIOB expression in the

mouse ovary begins at 12.5 days post coitum (dpc) and the crest was at 15.5 dpc, but

in post-natal life it becomes un reveal. In the fetal gonads of human, MEIOB gene

expression only found in the ovary, which begin at the 14th weeks post fertilization.

MEIOB protein was also detected through early meiosis prophase I, 4n fraction

containing leptotene, zygotene and few pachytenes spermatocytes, but its absent in

the following meiosis stages
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If you see the below, you can view the expression of MEIOB gene in
the top 10 tissues across 559 tissue tested by GENEVESTIGATOR
Expression level (log2 scale)
o MEDIUM (=08} -
& 7 8 =l 10 1 12 13 14 15 Samples

testicular lobules Il—ll ] !—| 45
testis (male gonad) 7‘ I I—{ 55

growth plate |-ﬂ]—! 9

male reproductive system - ] [ ] | 93
hepatocyte . { | ] : - 2202

hepatic mucosa cell " } } R . 2206
alimentary system cell - | = | } } . . 2295

temporal lobe astrocyte :-E-: 15

cerebral cortex astrocyte . ;H| 17

telencephalon astrocyte :—:I}{ 24
All 558 Tieauss WL T

Organism: Homo sapiens
Gene: MEIOB
Platform: Affymetrix Human Genome U133 Plus 2.0 Array
Figure 4.7: the expression of MEIOB gene in the top 10 tissues across 559 tissue
tested by GENEVESTIGATOR

4.7 MEIOB and female Infertility

Lately, many motivating studies have been done to detect the exact role of MEIOB gene in
female infertility. In 2019, Caburet and his collogues discovered a new MEIOB gene
mutation in two females who suffer from POI. a homozygous variant was detected at the
very end of exon 12 on the third OB fold domain of MEIOB. The predicted protein structure
result with exon 12 skipping and a premature stop codon. This study showed that the
truncation result from that mutation affects the C-terminal region where SPATA22 supposed
to bind, therefor, this will impair the interaction between MEIOB and its partner SPATA22
so there will be no accomplished DSB's repair. This may stimulate the depletion in the
follicular stock of the ovaries and thus meiotic defection. Those results came compatible

with phenotype of MEIOB ™ mouse as previous studies of Luo's and Souquet's
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CHAPTER 5

Premature ovarian Insufficiency (POI)

5.1 Background for premature ovarian insufficiency

Premature ovarian insufficiency is the major known cause of infertility in females around
the world This heterogeneous disease characterized
by early truncation of ovarian physiology with depletion in follicles in addition to high level
of follicle stimulating hormone (FSH) before the age of 40 About 7 million
of primordial follicles exist in ovaries during embryogenesis, most of them will lost by
apoptosis, only 400-500 of them will continue dividing until enter ovulation cycle before
menopause. POI occur when those follicles lost and estrogen production decreased

. 70% of POI cases still idiopathic, the majority percent of it thought to be genetic
origin About 10 to 15% of cases are
positive in family history, those who have affected relative at first degree
First indicator of POI is the menstrual irregularities until amenorrhea occur (primary or even
secondary), in addition to hypergonadotrophic hypogonadism. Hormone profile may be
fluctuated which make the exact clinical diagnosis become harder in many POI females

. Elevated FSH levels (higher than 25 TU/L) in two

tests at least one month apart, and low estradiol (E2) levels (lower than 50 pg/mL) presented
too with 4 months of amenorrhea at least, collectively help in right diagnosis. A pelvic
ultrasound give further investigation in POI by doing a vaginal ultrasound to check up the
ovaries situation. POI females have a thin endometrial echo (<4 mm) with small ovarian

volumes

5.3 Etiology of POI
5.2.1 Genetic factors

Many studies showed that there is a role of genetic causes in the idiopathic POI
Advanced genetic screening technologies such as whole-
genome sequencing help in investigation of genetic causes in POI about 20-25% of cases
. Those identified genes believed to affect X

chromosome at first step, or even the autosomal variation (in rare conditions), because they
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have a vital function in DSP repair, hormonal, meiosis and metabolic pathways

Partial loss of X chromosome occur in Turner syndrome, this partial loss by a
deletion, translocation or inversion lead to the loss of X-linked genes, and this is included as
syndromic POI There are many syndromes that included as a reason

factor for POI.

MEIOB gene which have ssDNA binding activity similar in those of RPA1. During DSB
repair, MEIOB and its partner SPATA22 bind to ssDNA. Caburet and his colleagues found
a homozygous variant that lead to exon 12 skipping in two sister affected with POI in
consanguineous family . This result same as in previous studies, in a MEIOB

mutant mice which have a depletion in follicular pool

5.2.2 Other factors

There are many causes of POI such as toxic factors, include the exposure to polycyclic
aromatic hydrocarbon in cigarette or other air polluters. autoimmune causes also play a role
in POI such as inflammatory bowel disease and many others. latrogenic causes include

surgical therapies, chemotherapy and radiation can lead to POI
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CHAPTER 6

Materials and Methods
6.1 Materials (Consumables and Equipment)
6.1.1 : List of required buffers, solutions, and gels including their compositions

Table 6.1: List of required buffers, solutions, and gels including their compositions.

Gels and Buffers Composition

1X White Blood Cells (WBCs)/ DNA lysis | 50 mM Tris HCL (pH = 7.5)
buffer
100 mM NaCl

1 mM EDTA (pH=8.0)

1X Red Blood Cells (RBCs) lysis buffer 155 mM NH4C1

100 M NH4HCO3

0.1 mM EDTA (pH=7.4)

5X Loading dye 0.25% Bromophenol blue

0.25% Xylene Cyanol FF

30% Glycerol in water

50X TAE (Tris/ Acetic Acid/ EDTA) 2M Tris (pH 8.0)
buffer (Running buffer), pH=8.0
IM Acetic acid

0.05M EDTA

6N NaCl Solution Sodium chloride

dH->O
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Agarose
1X TAE buffer

0.01% ethidium bromide

6.1.2 List of Reagents and Kits Table

6.2: List of required reagents and kits including their specifications

Reagent Manufacturer/ Company Product Specifications
Proteinase K (5 mg/ mL) aMReSCO® Cat# : E195

20% Sodium Dodecyl aMReSCO® Cat# : 083754-500ml
Sulfate (SDS)

Agarose aMReSCO® CAS# : 9012-36-6

10X polymerase buffer Eisenberg Bros Cat# : JMR-420
Q-Solution QIAGEN

0.02% Sodium Azide Sigma Aldrich Cat# : S2002
Nucleotides dNTPs (2.5 TAMAR Cat# : R0181,4X0.25mM
mM)

DNA Oligonucleotide Hylabs

primers (other details in

tables below)

Super Therm Taq DNA Eisenberg Bros Cat# : JMR-801
polymerase

100bp DNA ladder H3 GeneDireX® Cat# : DM003-R500
RTU (size: 54 pg/ 500 pL)

GoTaq® Green Master Promega Cat# : M7122

Mix (100 reactions)

Ultra-Pure Water (DNase
and RNase-free)

Biological Industries (BI)

Cat# : 01-866-1A

Exonuclease I (20,000

BioLabs

Cat# : M0293L
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units/ml)

Antarctic Phosphatase AnP
(5,000 units/mL)

BioLabs

Cat# : M0289L

BDX64 (BigDye®
Enhancing Buffer) ( 2
x1.25 ml)

MCLAB

Cat# : BDX-100

BigDye Terminator 5X

Sequencing Buffer

MCLAB

Cat# : SBUF-100

BigDyeTM Terminators
vl.1 Cycle Sequencing
Reaction Kit

Applied Biosystems

Cat# : 4337451-100

HiDi ™ Formamide

Applied biosystems

Lot # : 2102754

GS 400 HD ROX SIZE
STD

Applied biosystems

Lot# :1201394

6.1.3 List of Equipment

Table 6.3: List of required equipment (devices) and their specifications.

Device/ Instrument

Manufacturer/ Company

Product Specifications

NanoPhotometer® N60 Implen N60 Touch

touch

Thermal Cycler/ PCR Applied Biosystems GeneAmp® PCR System
machine 9700

Sub-Cell GT Horizontal BioRad SUB-CELL® GT
Electrophoresis System, 15 Cat# : 1704401

x 10 cm tray/ Gel

electrophoresis apparatus

PowerPac™ Basic Power BioRad Power PAC 300

Supply/ Gel electrophoresis

Cat# : 1645050

23




Biotechnology Master Frogram

:';%'. }
123

power supply

Molecular Imager, Gel BioRad Cat# : 1708195
DOC™ XR+ Imaging
System/ Gel documentation

system

ABI 3130XL Genetic Applied Biosystems ABI 3130XL Genetic
Analyzer/ Sanger Analyzer

sequencing machine

6.2 Methods

6.2.1 Samples Recruitment

In collaboration with Palestine European Fertility Center, 6 females from different parts of
West Bank mainly from Yatta and Hebron diagnosed with POI, after doing a hormonal test
(FSH,E2 and LH) with addition of transvaginal ultrasound to check the ovaries size and
reserve, according to their physician diagnosis they were recruited to this study. Three of the
patients have no history of infertility in their family, but two POI females were sisters with a
family history of infertility, and one affected female also has two brothers who had non-
obstructive azoospermia. All of these females were checked at Palestine European Fertility
Center, and asked to sign an informed consent form provided by Bethlehem University
Institutional Review Board. We met each female family independently at their home to
explain the goals of our research and to get agreement for blood sample collection from each
person in the family. Family pedigree was drawn for each one and about 10-mL blood was
withdrawn and collected in EDTA vacutainer blood tube. Samples were also taken from all

relevant relatives in and family members who agreed to participate in our study.
6.2.2 Total Genomic DNA Extraction from Blood by Salting-out Technique

About 5-10 ml of the blood was collected from each participant in a 10-mL sterile EDTA
vacutainer tube. The blood sample was transferred to 50 ml conical tube. Then the tube was
filled with Red Blood Cells (RBCs) lysis buffer, after that, the tube will kept on ice for about
20-30 minutes, with gently being shaken by hand from time to time, until blood becomes

transparent. Centrifugation was done at 2000 round per minute (rpm) for 12 min at 4C. The
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supernatant was discarded carefully after centrifugation, while the pellet was maintained at
the bottom. Then, this pellet was re-suspended by adding again a 15 ml of RBCs lysis
buffer and centrifuge it again with the same parameter that used in previous step. Then
supernatant discarded again and the pellet was suspended in a mix of 3 ml White Blood
Cells (WBCs) lysis buffer, 100-uL of 5 mg/ mL proteinase K and 20% sodium dodecyl
sulfate (SDS). After that, the tube was incubated 37°C with continuous shaking overnight in
shaking incubator. After digestion was complete, 3ml of 6M NaCl was added to the
homogeneous solution without a clear pellet with vigorously shaken until the solution
appeared foamy and then centrifuged at 3000 rpm for 20 minutes at 25 °C. The supernatant
containing the DNA was transferred to a new other clean 15ml falcon tube. 100% cold
ethanol was added to the supernatant (twice the volume of the supernatant; approximately 8
mL). With a gently inversion for the tube, DNA strands were became visible as white thin
fibers, then the DNA network fibers was fished from the solution by using a sterile glass
Pasteur pipette, and washed in 70% ethanol. Next step include air drying for 2 minutes on
Pasteur pipette. DNA was then transferred into a screw cap tube that contained 200-600ul
of 0.02% sodium azide depending on the amount of DNA that was fished.

6.2.3 Genotyping the Palestinian MEIOB mutation

6.2.3.1 MEIOB (NM_001163560; Chr16: 1889376 del G MEIOB, exon 12 — S366fs5*)

Primers

Table 6.4: MEIOB Gene Primers

MEIOB exon | Oligo Sequence Annealing | Length (bases) | Product size
Number Temp. (bp)
°C)
Exon12-F AAT TTG TAG CTT 60.0 23
AGG GCATCA CA
Exonl12-R TGG GAA AAA GCA 60.1 21 293
TTC ACT TTG
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6.2.3.2 MEIOB Polymerase Chain Reaction

According to previous studies the mutation of MEIOB gene was detected in exon number
12. So for this amplification reaction we add a recipe that shown in table below which
contain a reverse and forward oligonucleotide primers, 2.5 mM dNTPs, Super Therm Taq
DNA polymerase, DNase RNase free H,O, X polymerase buffer and the DNA template.
Those ratio in the table was done for one reaction, and could multiplied correlate with the

number of reactions that we need.

Table 6.5: MEIOB PCR reaction recipe.

Material For1X
(uL)
Q-Solution 5.00
X polymerase buffer 2.50
F — primer 0.50
R — primer 0.50
2.5 mM dNTPs 2.00
Super Therm Taq DNA 0.25
polymerase
DNase RNase free H20 13.25
DNA template 1.00

Touch down 60 °C was used, Refer to the Table 6.6 for PCR program illustrations.
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Table 6.6: Touch down 60° C PCR pragramme for Exon 12.

Phase Temperature Time (min) # of cycles
Initial 94.0 °C 05:00
Denaturation
Denaturation 94.0 °C 00:30 2 cycles
Annealing 68.0 °C 00:30
Extension 72.0 °C 00:30
Denaturation 94.0 °C 00:30 2 cycles
Annealing 66.0 °C 00:30
Extension 72.0 °C 00:30
Denaturation 94.0 °C 00:30 2 cycles
Annealing 64.0 °C 00:30
Extension 72.0 °C 00:30
Denaturation 94.0 °C 00:30 2 cycles
Annealing 62.0 °C 00:30
Extension 872.0 °C 00:30
Denaturation 94.0 °C 00:30 35 cycles
Annealing 60.0 °C 00:30
Extension 72.0 °C 00:30
Final Extension 72.0 °C 07:00
Final Hold 04.0 °C o0

6.2.3.3 Agarose Gel electrophoresis for Amplified MEIOB PCR Products

After amplification of MEIOB samples, 1.5 % agarose gel was prepared by adding 1.50 gr
of agarose powder to 100ml of 1X TAE. For samples loading, 4-uL of 5X loading dye was
mixed with 4-uL. of PCR product and then loaded into the gel. Running of Electrophoresis
was at 120V for about 30 minutes in 1X TAE buffer, was visualized using gel imaging

documentation system.
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6.2.3.4 Enzymatic Cleanup of MEIOB PCR Products

After making sure that the amplification of all MEIOB exons was successful and we can see
single bands on the gel, we carried out an enzymatic clean-up procedure to clean excess
primers or remove excess unincorporated dNTPs. Antarctic Phosphatase (AnP) and
Exonuclease I (Exo I) were added to this procedure for cleaning purpose, also PCR product

will added and the volume will continue to reach 7-uL. by adding DNase RNase free H20

Table 6.7: Enzymatic cleanup reaction of MEIOB PCR products.

Reagent For 1X (nL)
Exonuclease I (Exo I) 0.25
Antarctic Phosphatase 0.25

(AnP)

DNase RNase free H20 1.50

PCR product 5.00

Thermal cycler machine were used to run the reaction with the program that showed below

in Table 6.8

Table 6.8: MEIOB PCR cleanup program

Phase Temperature Time of incubation (mins)
Enzymes activation 37°C 30:00

Enzymes in-activation 80 °C 20:00

Hold in cold 4°C 00

6.2.3.5 Direct sequencing of purified PCR Products

Direct Sanger sequencing method was applied for sequencing using BigDyeTM Terminators
V1.1 Cycle Sequencing Reaction Kit. Recipe include BDX64 (BigDye® Enhancing Buffer)
which enhance the activity of the polymerase by reducing the extension time from 4 minute

to 1 minute, forward or reverse primer, PCR clean product, BigDye® Terminator 5X
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Sequencing Buffer, and BigDye terminator. Adding DNase RNase free H20 until volume

reach 16-pL for I reaction (1X). Volumes of reagent are shown in table 5.14

Table 6.9: Direct sequencing reaction of purified MEIOB PCR products

Reagent For 1X
(nL)
BigDye® Terminator 5X Sequencing 1.50

Buffer
BDX64 (BigDye® Enhancing Buffer) 0.75

BigDye Terminator 0.40
F or R primer 1.00
PCR clean product 2.00
DNase RNase free water 10.35

Thermal cycler machine was carried out the reaction, by using a program shown below in

Table 6.10

Table 6.10 : Cycle-sequencing of MEIOB program

Phase Temperature Time (min) # of cycles
Initial 96.0 °C 03:00
Denaturation
Denaturation 96.0 °C 00:10 30 cycles
Annealing 50.0 °C 0:05
Extension 60.0 °C 02:00
Final Hold 4°C 0

The cycle-sequenced products will then have an extra step of purifying to prepare it for ABI
3130XL Genetic Analyzer.

6.2.3.6 cleaning of the cycle-sequenced products using EDTA/Ethanol Precipitation
method and applying Capillary Electrophoresis

EDTA/Ethanol precipitation method was used to purify and clean Cycle-Sequenced products

from primers, excess dyes or unincorporated dNTPs. For each 16pl of the cycle-sequenced
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products Sul of 125mM EDTA and 100ul of 99.8% cold Ethanol were added and mixed
very well. The mixture was incubated in -20°C freezer for 30 min. samples the centrifuged
at 3800 rpm for 30 minutes at 4 °C. we discard the supernatant and 60-uL of 70% Ethanol
was added for washing and centrifuged again at 3800 RPM for 20 min at 4C°. the
supernatant was totally discarded and the PCR strips containing the pellets were turned
carefully upside down on a tissue paper and spun down at 500 rpm for one minute at 4 °C.
the pellet was dried by putting the opened strips on a 95 °C heated hotplate for 5 minutes to
make sure that Ethanol is completely gone. . Finally the samples were re-suspended in 10pl
Hi Di Formamide with enough vortex. Samples then put on 95C° hot plate for 5 minutes for

the denaturation of DNA strands.

Followed immediately by a 5 minutes incubation on ice. Samples were then loaded on the
96 —well Optical Reaction Plate from Applied Biosystems and run on sequencing machine

(3130XL Genetic Analyzer from Applied Biosystems).
6.2.3.7 Analysis of Sequencing Data

Opening the DNA chromatogram files was achieved by using FinchTV program. DNA

sequence displays then in a graph (electropherogram) for easy analyzing.
6.4 Linkage exclusion analysis

After we obtained the pure DNA, we prepare the product for linkage exclusion, but before
that step, Two microsatellite markers [Markerl (M1) and Marker2 (M2)] were chosen; one
before the MEIOB gene and the other after this gene.

chrl6

29736bp’s 455979bp’s
22TA- : MEIOB gene < = 20CA-
M1 M2
1854248-1854292 chr16:1,883,984-1,922,179 2339963-2340003
Product size: 13 exons Product size:
131bp’s 153bp’s
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Figure 6.8: M1, M2 and MEIOB gene position on chromosome 16 and the distance between

this gene and these two markers.

Primer 3 online software was used to design 4 primers to amplify this region around the
markers for the MEIOB gene, two primers for M1; Forward (F) and Reverse (R) primers,
and the other two primers for M2; Forward (F) and Reverse (R). below discuss

primer sequences with touch down temperature for each one.

Table 6.11: Microsatellite markers used to study linkage for POL.

Microsatellite FAM-F-primer R-primer T.D
22xTA gtgcagagcatcatge TCCCTCTAAAGG | 55°C
marker GGATCCTCGTGCTATGAACAG CAGGAACA
20xCA gtgcagagcatcatge TTACAGGCATGAACCACCAA | GCTGCAGCCTCA | 55°C
marker GTTGTGT

F-primers for M1 and M2 fluorescently labeled with FAM (blue color).
6.4.1 Genotyping PCR program

The sequences of the DNA from two families (OD-E AND OD-D) were amplified for
genotyping by PCR with M1 and M2 primers. F-primers for M1 and M2 were labeled with
FAM florescent (blue color). Recipe of the reaction showed in Table 6.12 below

Table 6.12: Genotyping PCR reaction mix per 25ul of total volume

Reagents For 1X
(uL)
10X Polymerase Buffer 2.50
Polymerase enzyme (super therm polymerase) 0.25
Q-Solution 2
dNTPs (2.5Mm) 2
MgCI2 1
Forward primer with FAM tail 0.10
Reverse primer 0.50
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Uni FAM 0.50
Nuclease free H20 15.15
100ng/pl DNA Template 1

Table 6.13: Touch down 55 °C PCR program for linkage.

Phase Temperature Time (min) # of cycles
Initial 94.0 °C 05:00
Denaturation
Denaturation 94.0 °C 00:30 2 cycles
Annealing 63.0 °C 00:30
Extension 72.0 °C 00:30
Denaturation 94.0 °C 00:30 2 cycles
Annealing 61.0 °C 00:30
Extension 72.0 °C 00:30
Denaturation 94.0 °C 00:30 2 cycles
Annealing 59.0 °C 00:30
Extension 72.0 °C 00:30
Denaturation 94.0 °C 00:30 2 cycles
Annealing 57.0 °C 00:30
Extension 72.0 °C 00:30
Denaturation 94.0 °C 00:30 35 cycles
Annealing 55.0 °C 00:30
Extension 72.0 °C 00:30
Final Extension 72.0 °C 07:00
Final Hold 04.0 °C 00

6.4.1.1 Genotyping

For genotyping, a mixture 0.25 of 400 pl Rox with 10.75 pl Hi Di and 1 pl of PCR product
were put together. This step was done for each PCR product then the mix was incubated for

5 minutes at 95 °C followed by an immediate incubation for five minutes on ice. The
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Samples were run on 3130XL Genetic Analyzer machine on special optical Reaction Plate
the results were analyzed using the genemapper 4.0. These results were represented in the
form of peaks. The number of peaks and their sizes are proportional to the length of repeats

and the number of repeats in the PCR product.

Table 6.14 : Reaction mix for genotyping per 12 pl of total volume

Reagents Volume in pl
GS-400HD ROX 0.25 pl
Hi Di 10.75 nl
PCR product 1pl
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CHAPTER 7

Results
7.1 Family Pedigrees of Affected Individuals

Five families were recruited for this study which contain females who have POI as in

physical examination. Figure 7.9 showed the 5 families pedigree's
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Figure 7.9 : a,b,c,d and e are family pedigrees of affected individuals. Coded individuals

were sampled and sequenced for the mutation.
7.2 Ultrasound images for ovaries

Patients were examined by Dr. Iyad Afaneh and diagnosed with POL. The diagnosis was
confirmed by a trans-vaginal ultrasound images that showed ovaries size and reserve. All of

results showed that all of them are POI, size of ovaries was very small as showed in
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Figure 7.10 : Ultrasound images for OD-G and OD-E3. a,b,c,d,e and f showed small uterus
4.3X1.5X1.2cm, also both ovaries were seen and measuring about 0.39X 0.45cm and
1.05X0.75cm in diameter, no clear follicles were seen on them. g and h for OD-E3
illustrated an absence of adult form of uterus. Both ovaries could not be reliably visualized

with probable existence of rudimentary uterus.
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Figure 7.11: Ultrasound images for OD-D female. a and b showed right ovary

with measurement about 1X0.87 cm. b and d for the left ovary, which is
2.21X1.35cm .

Figure 7.12 : ultrasound images for OD-C female. a and b showed right ovary

with measurement about 2.61X1.35 cm. b and d for the left ovary, which is
1.35X2.66cm .
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7.3 Hormones Level.

Table 7.15: Hormonal Level For Affected POI.

LH]

OD-D 95.03mIU/ml 19mIU/ml
OD-E3 130.3 mIU/ml 30.5 IU/L
OD-G 46.2 mlU/ml 21.8 mIU/ml
OD-C 44.59 mIU/ml 1.42 mIU/ml
OD-F 87.31 mIU/ml 28.16 mIU/ml
OD-E2 86.42 mIU/ml 34.9 IU/L

7.4 Sanger Sequencing Results of the Identified MEIOB Mutation

The novel mutation which was detected in MEIOB gene in POI females is the deletion of G
on the position on 1889376 of chromosome 16 at exon 12 of the gene. Which leads to a
frameshift result in changing the amino acid serine to a stop codon resulting in a premature
stop, thus, a truncation in the conserved C’-terminal DNA binding domain of MEIOB
protein will occur. Exon 12 of MEIOB gene was sequenced in all females samples. No
mutation detected in that exon in all POI females. Look to to see Sanger

sequencing results (electropherograms) of exon 12.
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Figure 7.13 : Sanger sequencing electropherograms of exon 12 of MEIOB gene.
Both showed a normal sequence which has no mutation in MEIOB gene area.
7.5 Linkage Exclusion Analysis Results

After testing for the candidate 1889376 del G, exon 12 — S366fs* MEIOB gene mutation,
the plan was to sequence the remaining exons, but before doing that, we preferred to do
linkage analysis first to check if our gene of interest is linked to POI. We chose OD-E
Family since we have two affected females within the same family. Two markers before and

after MEIOB gene were used, M1 is 22TA, M2 is 20CA.

22TA marker was Homozygous for all individuals in OD-E family (affected and un-
affected members). Fragment analysis of TA marker of unaffected parents and two affected

sisters and one unaffected individual, from OD-E family are shown in
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Figure 7.14 : Fragment analysis of M1- 22TA from OD-E family. (a) for E1 un-affected
mother, (b) for E2 affected female,(c) For E3 affected female, (d) E4 for unaffected father
and (e) ES for unaffected brother.

The other marker CA20, was not informative in results, which showed no peaks in interested
area around the MEIOB gene. Pedigree of the family used for linkage analysis with
Haplotypes showed in (figure 7.15)
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Figure 7.15: Pedigree of OD-E family which used for linkage test, blue boxes showed the
Haplotypes of 22TA-M1 and 20CA-M2 around MEIOB gene.

CHAPTER 8

Discussion

In our study, we screened for the presence of MEIOB gene mutations in five Palestinian
families who have six females diagnosed with POI according to their physician. Two of
them were sisters with relatives diagnosed with Azoospermia. Lately, there was a study that
showed a mutation in the MEIOB gene with a truncating affects the C-terminal region
where SPATA22 supposed to bind, therefor, this will impair the interaction between
MEIOB and its partner SPATA22 so there will be no accomplished DSB's repair. This may
stimulate the depletion in the follicular stock of the ovaries and thus meiotic defection.
Those results came compatible with phenotype of MEIOB ™ mouse as previous studies of
Luo's and Souquet's All the affected individuals were of Arab
ethnicity in previous studies, this raises a big question whether this mutation is an Arab
founder mutation or not. When we used Sanger sequencing to sequence MEIOB gene at
exon 12, no mutation were found in that gene in our samples. Which indicates that they must

harbor a different mutation in the MEIOB gene or any, other yet unknown fertility gene,
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The next step after excluded the candidate mutation of MEIOB gene as a reason of POI, we
try in this study to check if our gene of interest might be involved in causing this phenotype
and linked to POIL. We designed two markers before and after MEIOB gene. We chose the
family which had at least two affected females and one unaffected female, OD-E family

were the best to be chosen.

22TA marker was homozygous for all OD-E family members (affected and un-affected),
which mean that this marker is not informative and can’t be used for linkage exclusion in

this family. Unfortunately, the second marker (20CA) was not informative for same reasons.

CHAPTER 9
Conclusion

In our study, we performed direct Sanger sequencing to screen for a previously identified
MEIOB gene mutation in six infertile Arab-Palestinian females, at exon 12 only because of
time and cost. All the patients were wild type for the 1889376delG mutation in exon 12 of
MEIOB. Linkage exclusion test made to check if MEIOB gene correlated with phenotype of
POI, both markers we tested were uninformative; because all family members had the same
number of repeats for each marker. We could look for and design more markers and repeat
the experiment, but we could also sequence all of the coding exons of MEIOB gene in only
the proband from each family. This might be a bit expensive, but would give us more details
on other variants such as SNPs that can be used for genotyping purposed as well. We also
need to recruit more families with patients who suffer from POI as this could be of great

importance once we discover a novel variant.
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