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Good eyesight is something all parents hope for their children. For one branch of a

large New Zealand whanau who are descendents from Spanish whaler, José Manuel,
the chance of a newborn child being vision impaired is very high. Five generations of
the family have been plagued by blindness.

José Manuel deserted from a whaling ship in the 1830’s and went to live with a Maori
tribal community in the East Cape of Aotearoa-New Zealand. He took multiple wives
(as was normal for this community) and now over a 180 years later has more than
10,000 descendents. In one branch of this whanau, more than 40 of the family who
are alive today are either blind or have extremely poor vision. Their vision may be so
~ bad that they can hardly distinguish between light and dark. While having a serious
P vision impairment makes life very challenging, for some members of the whanau
there is an additional inherited challenge. As well as their vision problems, a number
# of the boys in more recent generations are affected by intellectual disabilities and

autism.
AUTISM is a lifelong developmental disability that

Dr Marion Maw, a geneticist from the Department of affects the way a person communicates and relates to

Biochemistry at the University of Otago studying molecular people around them. There is a wide range of variation

genetics of inherited disorders of the retina was a part of the in the extent to which autism affects people. Some

team of scientists who worked with this whanau to help have intellectual disabilities. The desire for routine
discover why so many of them suffer from blindness and vision and development of repetitive behaviour patterns is
impairment. common in autism. Autism Spectrum Disorder 'is

Marion's work within the team focussed on understanding at a thoughF to. be the result m.c abnorn?al development in

. . . the brain, likely to be genetic in origin.

genetic level what is causing the problem. The research team ,

consisted of whanau members, clinicians, geneticists and

biochemists. Key people in this team were:

e Patricia Lundon-Treweek, a whanau member and co-author
of the research who coordinated the partnership between
clinicians, scientists and family members

o Drs Carolyn Hope and Dianne Sharpe, ophthalmologists:
from Auckland Medical School and Auckland Hospital who
conducted the eye examinations and interpreted the clinical ;
findings The RETINA is the light sensitive layer at the back

e Post-graduate student Ariana Hemara-Wahanui who | ¢ the eye. It contains the light sensitive cells
identified the mutation in the gene as part of her MSc| ,ied rods and cones as well as nerves. The rods

thesis studies and cones are connected to nerve fibres which
e Dr Peter Dearden, a geneticist from the University of Otago leave the top layer of the retina to join up and

e Dr Steffen Hering from Vienna who collaborated with the | ¢5m the optic nerve. Cones are sensitive to
Otago team to investigate the effect of the gene mutation | .iour and work best in brighter lights, rods are
on calcium channels. not sensitive to colour and work best in dim light.
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How do we see?

Light enters the eye through the cornea, passes through the pupil and the aqueous humour, lens and vitreous
humour before it reaches the retina. As the light hits the cornea and then the lens, it refracts or bends to form an
upside down image on the retina (which is a bit like a projector screen). While the cornea is fixed, the lens is
adjustable and just like a camera, the eye can adjust the lens (using muscles) to focus the image.

The light that hits the retina stimulate nerves which carry an electrical signal to the brain. The brain translates the
information it has received into an image.

RETINA

LENS

VITREOUS
HUMOUR

AQUEOUS HUMOUR

CORNEA OPTIC NERVE

Table 1: Diseases Causing Vision Impairment and Blindness

Disease Cause Effect on Vision
Cataract The lens of the eye becomes cloudy. Blurring - leading to blindness
Glaucoma Normal fluid pressure inside the eye Reduced field of vision - leading to
slowly increases, damaging the optic blindness
nerve.

Age related | The macula (a point in the centre of the | Straight ahead vision is blurred.
macular retina) deteriorates, creating loss of Fine detail is difficult to see.
degeneration | sharp vision.

Diabetic Damage to blood vessels in the retina Vision loss potentially leading to
retinopathy | caused by complications of diabetes blindness.

Table 2: Genetic Causes of Vision Impairment and Blindness

Condition [Cause Effect on Vision

Albinism Recessive allele that results in little or | Uncontrolled eye movement;

no pigment in the eyes, skin and hair. | squinting; bright light is

Sight problems are caused because uncomfortable; blurred vision; varying
the retina does not develop properly. | degrees of partial sightedness

Leber LCA is a family of inherited retinal Severe visual impairment (blindness).
Congenital degenerative diseases that cause the | Sight is limited to detecting bright
Amaurosis rod and cone cells to deteriorate and | lights or hand motions.

die in early childhood.

X-Lined X-linked CSNB is caused by a Difficulty seeing in low light, reduced
Congenital mutation on the X chromosome. acuity (sharp vision), low vision—
Stationary There are 2 genes known to be usually severe short-sightedness,
Night mutated in the condition. This involuntary eye movements, eyes that
Blindness affects the ability of the retina to do not look in the same direction.
(CSNB) function properly. Congenital refers

to the fact it is present from birth.
Stationary means it does not get
worse over a life time.

Diabetic Retinopathy
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Living with Blindness

Blindness has been a big part of the whanau for so many generations that it is almost normal.
Kaumatua had for many generations believed the whanau was cursed. Patricia’s Mum would take
every young baby into a darkened room and light a match. If the baby followed the light with their
eyes, she knew they were not affected. While being part of a large whanau with a common medical
condition means that the whanau know how to cope with it and there are plenty of cousins, aunties
and tdpuna (grandparents) who can offer awhi (wisdom and support) and aroha (all encompassing
love)“but basically you were expected to get on with it because it was just there.”

Insight into Blindness: Using Observation as a Scientific Tool
Making observations and asking questions are key skills for any scientist. A locum paediatrician who met Patricia’s
sons at Homai noticed that their eyesight problems were the same as hers and started asking questions. Dr Carolyn
Hope, a consultant ophthalmologist held clinics at the Blind and Low Vision Education Network (formally Homai
National School for the Blind and Vision Impaired) in Manurewa. Carolyn saw many children from the whanau who
had very poor vision from birth in her work at the clinic. She observed that their conditions didn’t quite fit the
usual categories of vision impairment. This observation led Carolyn and her colleague Dr Dianne Sharpe to ask why
that was. They were puzzled that for affected people in this whanau the eyes looked normal,
examination of the eyes did not show any structural damage, yet they were vision impaired or blind.

Working together: Whanau, Clinicians, Scientists

Kaua e rangiruatia te ha o te hoe; e kore to tatou waka e i ki uta.

Do not lift the paddle out of unison or our canoe will never reach the shore.

Maori use whakatauki to express concepts of their tikanga (belief systems). This whakatauki reminds us that in
order to succeed we need to work together. If the mystery of the blindness was to be unravelled, the collective
wisdom and knowledge of the whanau, clinicians and scientists would be required. However before that could
happen, the whanau needed to decide together whether they wanted to find out.

Finding out the cause of a family condition such as this is a major step because it affects everyone in the family. In
Maori culture, decision making is collective. It is usual that whanau share in the process and come to a decision
together because ownership of the genes is shared. In making a decision a family needs to think about many
things. Does everyone want to know? What will happen as a result of knowing? Could anyone be hurt or upset
by knowing? Could knowing help whanau members? What will the whanau have to go through to find out?
How wiill the partners of the extended family feel?

To Maori people, DNA and genes are taonga. Members of a family who are biologically related share the same
genes. Genes are precious as they represent the biological makeup of a family. By allowing genes to be studied, a
whanau is sharing with non-family something that is unique and precious. Advances in science that allow families
to find out about their genes mean that families all around the world are opening up knowledge that in the past
humans would never have had access to. When a decision is made to find out about genetics, that decision affects
the whole whanau or family. Each person can then decide what they want to do with whanau support.

Patricia Lundon-Treweek is a whanau member affected by vision impairment herself. She has twin sons who in
addition to vision impairment, have autism. Patricia had many unanswered questions and was motivated to find
answers. A social scientist by training, Patricia coordinated the idea of finding an answer within the whanau. She
talked with whanau members and once a decision was made to go ahead, she traced the whakapapa of the family
detailing the relevant medical history of the whanau over the past five generations and working with clinicians and
geneticists to unravel the mystery of the condition and find out what was causing it.

Supporting people as they make decisions

Dr Waiora Port, (Te Aupouri [Ngati Pinaki], Te Rarawa [Ngati Maroki]), is a respected Kuia with
long-standing community knowledge of Maori health issues. Waiora was awarded her PhD in
Molecular Medicine/Maori and Pacific Health in 2007 after investigating the cultural and
spiritual issues around DNA testing for Maori with a genetic predisposition to cancer. Waiora is
Kai Arataki (Cultural Advisor) for the Northern Regional Genetic Service at Auckland Hospital
and was a member of Toi te Taiao: the Bioethics Council of New Zealand for 6 years. In her
work Waiora provides support by liaising between whanau and clinicians for those who are
going through the process of making decisions about genetic testing.

3




*9s1342dxa 49y 4940 pue 103[04d 3y} 0JUl WO 0} PIYAUI SEM ME|A UOLIBIA 1S1D119Ua3 03e1Q 1Y) 3|ING SeM 9341 Y3 90U0 sem 1| “AJ91sAw ay) [9AeJun 0} 3S12139uUd3
e papaau Asy3 jeyl 935 p|n0d Wea} 3y ‘SWOSOWOoIYd-X Y} UO Punoy Si } 38yl sh s||93 S4193y3nep J1ay3 03 UO UoIHPUO0I 3Y] ssed Ajuo pa1dajje aiam oym Ajiwes ay3 ul sajew
9Y3 1eY3 10B) SYL "UOIHPUOD pPaNJayul ue Ales|d sem Siy3 1eyl dUOAIDAS 40} PAWIJUOD PBIID4JE SI9M OYM heueym 3yl JO siaquiaw ay3 Suimoys 943 2132ua8 ayi Suneas)

padAjouad suesw (Av) ‘paurwexa Ajjearuid suesw (—)
‘Neueym ay3 Jo /-£ suojlesauasd Suimoys o343 Ajlwey ay3 Jo uoinod g Si4

aje|N patayeun D 3[BIN PR1RYY . sjeway payoayyeun () ajewa4 pa1dayy a.

£UBJp|1yYd J13Y3 Inoge 130U NoA op ulaiied
1IBYM "UJP[IYD PeY U3Y) PUB PD1ID4E S9M OUM AjILUE) BY3 Ul S3[BW 3y} pulq

£ 5L 5L ¥l £

duewom siyl
Jo adAjouad 1ey1 anoge noA
1193 3eY3 SD0P 1Y\ "P1d344e
Sem auo Ajuo 1nq suos

om} pey Jaiydnep yig s,eyouy

£DAISSDID4 4O JUBUIWOP } S|
£3WOSOWOIYD A JO X Y3 UO 1 S| ‘payul|
X3S S| UOIHPUOD By} }| 'SI21ySnep omi
SIy 01 UO UOIIPUOD 3Y3 sassed Qg 3N

‘palp aney Asyi 1eyl sueaw 2343 3yl
uo s|doad asay) ysnouyy sul| |euoselp “U3Jp|IY2 QT Pue sJauiled € pey
‘uoiIpuod ay3 Aq pa1da)je M SYLl "Pa31094je 9J9M SUOS Yyloq pue 9ys ‘Ajiwey ay3 ul 9sed umouy|

si23ySnep yiog ‘(D) Joumed pig J91ysnep suQ “Jaupied 1T Jay wouy 1S41J 8Y] Sem [anue|A 9sof
J3Y wouy s193ySnep omi pey eyody SUOS g pue sia3ysnep ¢ pey ,eyoldy 40 431ySneppues e ‘, eyouy

"UOIIPUOD 3yl Aq pa10a4je aJe sidulied JI9Y] JO SUON "UMOYS 30U aJe siaupled JIayl "UMoYs aJe siaquiaw Ajlwe) ayl Ajuo—a10N "Wy

Jay ul uaJp|iyd QT pue siaunied € pey ,eyoldy ‘(sweu [eaJ Jay 10U) BYOJY J3Y |[BD |IM M ‘AJO]S 13U MO||0} 03 NOA 10} J3ISED 1l 2XewWw 0] ‘|anuelp 3sor jo JaySneppuess

e sem Ajlwey} 2yl uj wajqold ayi Jo 3sed uMouy| 1sJ1} Y] "dduelayul jo uialied ayl sulwlialap 03 pad|ay sey Ajiwey a8.e| e si siy3 1eyl 10e) 8y ‘ssado4d yoieasas syl
Suunp uoilelnsuod pue 8ui3sal Jo SINSAJ 3y} pue ‘AJoisiy Ajlwe) wolj uojrew opul SuISn SJSQWAW NBUBYM UM UOIE}NSUOD Ul padojanap sem g 814 ul umoys 3.3 3yl
9911 Ajlieq e u1 AJ03S o9yl —auan e jo ededeseymn




Research Questions / Aims

The aim of this study was to find out what the genetic condition was being caused by and therefore hopefully in
time find a possible cure or method of treatment for the condition for this whanau. Along side the whanau needs,
being able to study a variation in vision like this helps science to understand more about how healthy vision works.
A big research question like this needs to be split up into small, achievable steps.

1. What is the extent of the disorder in the family and is there a pattern of inheritance?
Researching a family tree will help answer this question

2. What is the phenotype and how is it different in males and females?
Clinical examinations of affected family member could answer this question.

3. What is the genotype of the disorder—what gene is involved?
To answer this the team needed to analyse the DNA of family members

4, How is the change in the gene affecting the function of the protein it codes for and ultimately causing
the phenotype?
Once the genotype was established—the next big question is to find out HOW this different genotype is
causing the problems that are seen in the phenotype.

5. The final question is how can we predict / prevent / treat this condition?

Methods and Findings

Question 1. Pattern of Inheritance:
Patricia Lundon-Treweek facilitated the process of building the family tree, ensuring that cultural and social
concerns relating to the study were respected. The result of this work is seen in Fig 2 on page 4.

Question 2. Recording the phenotype in detail:
Thirty-six members of the whanau were recruited to the study for clinical evaluation, 17 male and 19 female.

Information about their medical history and symptoms were obtained. Detailed eye examinations were used to
find information about how well their retina was functioning (Fig 3). Table 3 compares the phenotype of the
whanau members with the phenotype of typical X-linked Congenital Stationary Night Blindness and shows that this
whanau had a similar condition to this but there were many differences.

Table 3: Comparison of clinical finding for NZ whanau compared to X-linked Congenital Stationary Night Blindness (CSNB)

Clinical Finding CSNB Males |NZ Whanau Males CSNB Females | NZ Whanau Females
Night Blindness Sometimes No complaint; Glare a problem

Short / long sighted Sometimes Often longsighted

Visual acuity (clarity and Varies Poor—All profoundly affected.

Most have poor

sharpness of vision) Some children can perceive light ision. all have
vision, \

Colour Vision Unaffected Abnormal No symptoms involuntary eye

movement, many are

Involuntary eye movement | Sometimes Always very short-sighted.
Cataract Not associated | Cataracts present
Neurological Conditions with j‘he Some with autism, intellectual
condition disability & epilepsy
Fig 3: Electroretinopathy tests Normal Affected Male Affected Female
showed that the rod and cone cells 1004V -
sensed the light a-wave but it was 1500\ b 40V 750
not sending a 5|gna-l to the optic 100U\ 200 souvA b
nerve b-wave. Notice that the scale b 255V
on the Y-axis is different for each 50uVH 0V onV
graph. o) -20uVA 25V
The b-wave is flat in the male (no o] sop @
signal). In the female thereis a -50u\H a a 75V
smaller signal. 0S 50mS 0S 50mS 0S s




Key findings

e Both males and females were affected

e Neither all male nor all female offspring were affected

e The eyesight of affected males was more severely impaired than the eyesight of affected females

e The condition had a phenotype similar to but not the same as a well known condition called X-linked
congenital stationary night blindness (Table 3).

e Electroretinopathy tests showed that the retina was detecting the light but the signal was not being
transmitted to the optic nerve (Fig. 3)

e The gene causing the effect is on the X-chromosome—deduced from observation of the pedigree that
the males never passed on to sons and always passed on to daughters.

e Affected females are heterozygous.

e Affected males are hemizygous (Hemizygous means having only one copy of an allele in a diploid
organism. Males only have one copy of the X chromosome, therefore only have one copy of any gene
found on the X-chromosome).

e Some males with affected eyesight were affected by intellectual disabilities

Question 3: Finding the Genotype
DNA from family members was extracted from blood samples. A DNA profile was created by
comparing regions of the DNA called microsatellites in affected and unaffected family members. The
team had worked out from the inheritance pattern in the family tree that the gene was on the X-
chromosome, so they knew where to start.

Microsatellites or Variable Number Tandem Repeats (VNTR’s) are small non-coding repeat sequences
found throughout the genome that have high levels of variation between individuals. In a family, this
is a good place to look for variation. Copies of these sequences (eg CAG, CAG, CAG, CAG.....) are
repeated in tandem (one after another) in the genome. The number of repeats will vary from one
person to another. The scientists wanted to find out whether they could see a pattern that was only in
affected individuals. If they could, that would give a clue as to where on the X-chromosome the gene
was sitting. The scientists used the fact that genes that are physically close together on the
chromosome (linked) tend to stay together during meiosis to look for microsatellites that were found
together.

Microsatellites at different sites (loci) on a chromosome can be compared between individuals.
The number of repeats of each microsatellite will vary from individual to individual.
E.g.Site1 PersonX: CA CA CA vs PersonY: CA CA CA CA CACACACA

TASK:
Look at Fig 5 on page 7.
e The roman numerals on the left represent the generations
e The symbols are the same as in the tree on page 4
e The numbers beside the symbols represent a person
e The numbers in columns under the symbols represent different alleles of each of the
microsatellite markers that were tested.
1. Find the pattern21411322onfemale5and6 in generation V.
Highlight every place in the family tree where this pattern is seen

3. Crossing over has occurred in person 17 and person 48. Draw yourself a diagram to show this
Cross over.

N

Crossing Over Fig 4: Crossing over during meiosis produces recombination in
| 3 pair of homologous chromosomes

Crossing over is the exchange of genetic
material between two homologous
chromosomes during meiosis. It happens
when the homologous pairs line up side by
side at the equator. The inner chromatids in
the pairs can exchange genetic material and
produce recombinant alleles. The closer
genes are together on the chromosome, the
less likely they are to be separated during
crossing over.




Fig 5: DNA Profile of the Family: The pattern of microsatellite repeats on the X— chromosome for each family member whose

DNA was profiled is shown. Females have two copies of the X-chromosome, males one copy.
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see this sequence.

—_ >
No. 17 and No. 48 show 11 2 21 31 3121 3 21 31 2 201 These are known genes on the
crossing over. 12 12 1 1|2 120 1112 1 12 12 1 113

41 21 4 4|1 42 alla2 4 4|2 42 4 4la X-chromosome. Once the team
M 11 1 11 32 3)12 3 12 32 1 111 worked out where on the
"2 12 1 12 12 1412 1 112 12 1 112 chromosome the mutation was
313 23 3 33 13 1133 1 313 13 3 in . !
ali 41 2 2l 33 2%23 3 203 33 2 2|3 they could work out which gene
212 12 2 22 13 223 1 23 13 2 21 to target.
6[3 43 6 6|3 51 6|61 5 611 51 & 6la
Vil 14|J__|1s|:£ 16 1?‘ 24 /\ 25 45|J__| 4e|£ 4?‘ 48 60| 61

1 1| 2| 2 2 2 111 2] 1 1 22 DXS1055

2 2| 1|1 1 1 2|2 1] 2 3 11 DXS1002 _ pp2

1 1| 4| 4 4 4 2|2 4| 2 4 43 DXS1126 o

1 1 1|1 1 1 212 1] 1 1 11 DXS573 _

2 20 1|1 1 1 212 1] 1 2 12 DXS8017 — CACNATF

3 3| 3|3 3 3 3|3 3| 3 1 32 DXS988

1 1| 2| 2 2 2 s|ls 2| 2 3 23 DXS991

2 2| 2|2 2 2 3|3 2|3 1 23 DXS986

3 3| 6|8 6 6 111 6] 1 4 62 DXS8092

TASK cont’d..........:

4. Compare person 16 in generation VIl (affected) with person 17 in generation VI (unaffected). What does the
difference between the microsatellite pattern for these two individuals tells us about where on the
chromosome the mutation is? Look at the sequence “226” .

5. Compare person 45 in generation VIl (unaffected) with person 48 in generation VIl (affected). The difference

between these two individuals confirmed for the scientists that the mutation must be in the middle section
of the chromosome where the satellite pattern “1 1 3 2” was found. What evidence did they use to come to

this conclusion?

Knowing which region in the X-chromosome the mutation was in was a big step
forward. The team knew that the gene that causes one form of X-linked
Congenital Stationary Night Blindness (the condition similar to that of the whanau)
was also found in the same region. They compared the DNA sequence of exons for
that gene in affected and unaffected individuals looking for differences. One
substitution in the DNA sequence of the gene was found. This substitution of as
shown in Fig 6 on the right, causes a change in an amino acid that changed the
function of the protein. The substitution causes a change in amino acid from
isoleucine to threonine.

Key Findings:
The mutation is caused by one substitution in exon 17 of the gene CACNAL1F
ATT is changed to ACT, changing one amino acid in the protein.
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Question 4—How does the mutation affect the function of the protein

Cell culture studies were used to find out what effect the mutation was
having on the functioning of the cells.

A human cell line was used to create a cell tissue culture model that
contained the mutant gene. These cells were tested to find out the effect
of the mutation. Remember, right back in the beginning, the clinicians had
observed that the retinal cells were sensing the light, but they were not
transmitting a signal to the optic nerve and eventually the brain. (Fig 3). By
comparing mutant cells with control cells, the scientists can try to find out |
what is happening.

Generating The Cell Model Fig 7: Human Tissue Culture Studies
Vector Construction  RestricTion

ENZYME J
|
Mutant GENE FRAGMENT ( )

(generated by PCR)
‘ l PLASMID Bacterial Transformation
DNA LIGATION O &O i \
; Mutation 7 j
MUTANT GENE et EXPRESSION BACTERIAL
utation
EXPRESSION VECTOR TRANSFORMATION
VECTOR
GROW
O O BACTERIA IN
- CULTURE

DNA
Mammalian Cell Transfection
= O
CELL Cellline
Mutant i = i
EXPRESSION  TRANSFECTION h\/«ﬁf&ﬂ;ﬁﬂ
VECTOR
¢ ) = o coNTROL Testing of the model system
v s Ce('“g“e Cells were tested with electrical currents
mutation) to find out whether the mutant cells would

transmit a signal

CONTROL
Cell Line

Mutant Cell Line




Understanding Signal Transmission

The clinical team had found that the problem was poor transmission of the electrical signal between the retinal
cells and the optic nerve. The retina was sensing the light, but the signal was not being transmitted through the
nerve cells to the optic nerve and on to the brain. Why was that happening?

lon Channels in the Cell Membrane:

) Like most cells, nerve cells have a cell membrane which contains
lon Channel in the - . .

specialist proteins which help to transport substances across the
}_\ Cell Membrane ) ) : :

membrane. Some of these proteins form ion channels which are like
gates, opening to allow ions such as calcium, sodium or magnesium
to flow across the cell membrane.
The gate opens as a result of an
electrical signal. The ions flow into the
cell. The calcium ions bind to proteins,
causing the release of special
chemicals called neurotransmitters
which help send the nerve impulse
between cells (Fig 6).

Fig 6: When a nerve impulse

reaches the end of a nerve cell, a

/v\ Fig 5: When the ion channel opens, calcium moves into the cell. chemical called a

/ ) neurotransmitter crosses the gap

A" J between cells and the signal
/

continues.

m Most nerves only have on or off. Photoreceptors are different. They have a volume dial!

In the dark, the
calcium channel is
wide open and lots
of neurotransmitter
is released.

CLOSED | As the light gets brighter, the
calcium gates gradually close.

Less and less neurotransmitter
is released.

The research team discovered that the mutation affects the calcium channel.
In the mutant cell line, far more calcium was getting into the cell because the channel was
open more often.

The findings in the cell line led the scientists to suspect that in the rod and cone cells of
the retina the channel fails to close in the light and neurotransmitter continues to be
released. This is likely to be causing the vision problem.

Key Findings:

o The cells with the mutant gene use less energy to open the calcium channel.

e The channel opens more easily and shuts more slowly.

e This means sometimes it is open when it should be closed.

e The amount of calcium that can move into the light sensing cells of the retina though the calcium
channel increases, reducing vision.

o These findings suggest that the change in phenotype seen in the family are likely to be caused by
this mutation.




Gene testing offers choices

For the whanau, this knowledge has given them information about the cause of this condition and information that
they can use to make decisions. The whanau have always known that baby boys have a very high chance of serious
vision impairment and may also have intellectual disabilities and autism. Testing during early pregnancy to identify
the sex of the embryo has been a choice open to the whanau for some years. When the gene sequence was
determined, Genetic Services at Auckland Hospital offered to create a Pre-implantation Genetic Diagnostic test
(PGD). This means that if they wanted to, pregnant whanau members could use IVF treatment with PGD to select
embryos that were unaffected by the gene.

Where to from here?
There are still many questions to answer.
e The whanau and research team would love to find out the cause of the intellectual disability that is seen in
males. This is a long way off yet.
e Could a calcium channel blocker be created to reverse the effect of the mutation?
The Otago team have developed a mouse model that contains the mutant gene. This means that if a possible
solution such as a calcium blocker is developed in the future, it can be tested in a small animal model to find
out whether it would work in a whole organism (rather than just cell cultures).
Having established what is happening in the cell line, the mouse model is being studies to fund out about the
development, structure and function of the retina.
e Through the experience of finding out, the whanau has grown stronger.

m%m%m%m%

Na matou te rourou, With our contribution,

Na koutou te rourou, With your contribution,

Ka ora ai te iwi The people will be weII
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	Blindness has been a big part of the whanau for so many generations that it is almost normal. Kaumātua had for many generations believed the whanau was cursed.   Patricia’s Mum would take every young baby into a darkened room and light a match.  If the baby followed the light with their eyes, she knew they were not affected. While being part of a large whanau with a common medical condition means that the whanau know how to cope with it and there are plenty of cousins, aunties and  tūpuna (grandparents) who can offer awhi (wisdom and support) and aroha (all encompassing love)“but basically you were expected to get on with it because it was just there.”  



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



