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Figure 1: Fundus Photograph taken from a 48 years old CORD7 patient. Pictures in part A, reveal areas of well defined macular atrophy in left eye. Figure B shows autofluorescence images with concentric rings of decreased (affected) and increased (normal) rings of autofluorescence surrounding an area of atrophy (Extracted and reproduced from Michaelides et al, 2005)34	2
Figure 2: Illustration of Guanine to Adenine Transversion in RIMS1 exon 14. Part A: ENSEMBLXI BLASTN results detailing hsRIMS1 exon 14 nucleotide sequences and location in human genome; the G nucleotide is highlighted in yellow. Part B: Alignment of WT with a supposed CORD7 sequence displaying the Guanine to Adenine22 Transversion at position 87 in exon 14. WT**: wild type. MU***: mutant.	3
Figure 3: Exon 14 open reading frame Translation results and protein sequence alignment. Part A) Exon 14, 5’→ 3’ Open Reading Frame 3 translated from EXPASY Translate XII, and verified by running BLASTP (ENSEMBL). The codon encoding Arginine[R] is highlighted (light blue). Part B) alignment of wild type exon translated protein sequence with mutant. The R (yellow) → H (Red) mutation occurs at amino acid position 844 in the protein; for simplicity only exon 14 translated amino acid sequence is shown. (WT*: wild type. MU**: mutant. R: Arginine. H: Histidine).	4
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Abstract
[bookmark: _Toc205702419][bookmark: _Toc262188847]A previous study identified a pathogenic mutation in the RIMS1 gene that changes a conserved Arginine to Histidine in an autosomal dominant cone rod dystrophy family (CORD7)22. Later in another study in a CORD7 family showed that there was a significant correlation between this pathogenic mutation and an increased verbal cognition54. This project therefore aimed to identify the same or a similar mutation in a cone rod dystrophy patient, who is employed as a senior lecturer and is therefore likely to have high verbal cognition.  On sequencing all of the neural (neuoretina and brain) expressed exons in this patient no putative pathogenic mutations were identified. In addition the R844H mutation in the CORD7 family was shown also to be absent in the patient.  As the previous study did not publish the oligonucleotide sequences of PCR primers used in their experiments, this study used PRIMER3 softwareXIV to design intronic flanking primers for all the neural expressed exons. Interestingly one set of primers for exon 35 produced 3 differently sized PCR products following amplification. In order to try to eliminate the multiple band problem new primers were accidentally designed to a neighbouring region to exon 35. These primers produced a single band, which upon sequencing was shown to be homologous to exon 35. On translating this exon 35 like region, no significant open reading frame was produced. BLASTN for human Alu Elements (NCBI)I identified Alu elements near wt hsRIMS1 exon 35. This region was therefore likely to be a non-functional pseudoexon. Following multiple sequence alignment and phylogenetic analysis it is most likely that this pseudo exon 35 region appears to be the result of a recent duplication event that has occurred in primates, but not in more distant mammalian species such as mouse. Using the correctly sized PCR fragment from the original exon 35 amplification the correct sequence was produced for both the patient and a normal control. Both sequences were shown to lack any mutations. It was therefore likely that the patient’s pathology was probably due to a pathogenic mutation in a gene other than RIMs1.
Abbreviations, Symbols and Notation
3’                 Three Prime end of DNA
5’                 Five Prime end of DNA
A                  Adenosine
A260            absorbance/ OD at 260nm, 
A280            absorbance/ OD at 280nm, 
BLAST          Basic Local Alignment Search Tool
BLASTN       Basic Local Alignment Search Tool (Nucleotide)
BLASTP       Basic Local Alignment Search Tool (Protein)
bp                base pair
C                  Cytosine
CORD          Cone Rod Dystrophy
dH2O           Distilled Water
dNTPs         Deoxy-ribose-nucleotide triphosphates
dsDNA         Double stranded DNA
EBI              European Bioinformatics Institute
EDTA          Ethylene Diamine Tetra Acetic acid
e.g.              for example
G                 Guanine 
Gg:             Gorilla gorilla
Hs               Homo sapiens
Kb               Kilo base
Mb              Mega base
MgCl2         Magnesium Chloride
Mm              Macaca mulatta
Mmu             Mus musculus
MSF            Multiple Sequence Alignment File
MUSCLE     Multiple Sequence Comparison by Log-Expectation
NCBI           National Center for Biotechnology Information
ng               nano-gram
nm              nano-meter 
OD             Optical Density
ORF           open Reading frame
P10             micropipette ~ 10µl
P20             micropipette ~ 20µl
P50             micropipette ~ 50µl
P100           micropipette ~ 100µl
P200           micropipette ~ 200µl
P1000         micropipette ~ 1000µl
Pp:              Pongo pygmaeus
Pseud-       Pseudo exon 35
Pt:               Pan troglodytes
RIMS1         Protein regulating synaptic membrane exocytosis 1
RTF             Rich Text File
ssDNA         single stranded DNA
SNP             Single Nucleotide Polymorphism
T                  Thymidine
Tm                Melting temperature
TBE             Tris Boric acid EDTA buffer
TE                Tris EDTA buffer
µl                 micro litre 
UV              Ultraviolet radiation
wt               wild type
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[bookmark: _Toc262188849]RIMS1 and Cone Rod Dystrophy 7(CORD7)
Cone Rod Dystrophies are a complex group of inherited retinal degenerative disorders characterised by a marked reduction of central visual acuity due to loss of Cone photoreceptors in retina23. Cone degeneration is followed by loss of Rod photoreceptors, retinal pigment deposition, night blindness and eventual loss of central vision23. 
[image: ]
[bookmark: _Toc262188914]Figure 1: Fundus Photograph taken from a 48 years old CORD7 patient. Pictures in part A, reveal areas of well defined macular atrophy in left eye. Figure B shows autofluorescence images with concentric rings of decreased (affected) and increased (normal) rings of autofluorescence surrounding an area of atrophy (Extracted and reproduced from Michaelides et al, 2005)34

One type of Cone Rod Dystrophy is Cone Rod Dystrophy 7 (CORD7)38. Cone Rod Dystrophy 7 is an autosomal dominant condition and it results from single nucleotide polymorphism (figure 2) in exon 14 of the RIMS1 gene (chromosome 6q14)38. 
(A)
Query location: 14wt        1 to      172 (+)
Genomic location: 6    72960624 to 72960795 (+)

TGATAAAAGTAAAAGGAGGACCAAAACAGTAAAGAAAATACTAGAACCAAAATGGAATCA
AACTTTTGTCTATTCACATGTACATCGTAGAGATTTTAGAGAACGAATGTTAGAAATAAC
TGTGTGGGACCAACCAAGAGTGCAAGAAGAAGAAAGTGAATTTCTTGGAGAG
   
(B)

G → A Transversion* at position 87 in exon 14produces cone rod dystrophy 
                                  ARG
WT**: -AACTTTTGTCTATTCACATGTACATCGTAGAGATTTTAGAGAACGAATGTTAGAAATAAC-
       ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
MU*** -AACTTTTGTCTATTCACATGTACATCATAGAGATTTTAGAGAACGAATGTTAGAAATAAC-
                                HIS
     
[bookmark: _Toc262188915]Figure 2: Illustration of Guanine to Adenine Transversion in RIMS1 exon 14. Part A: ENSEMBLXII BLASTN results detailing hsRIMS1 exon 14 nucleotide sequences and location in human genome; the G nucleotide is highlighted in yellow. Part B: Alignment of WT with a supposed CORD7 sequence displaying the Guanine to Adenine22 Transversion at position 87 in exon 14. WT**: wild type. MU***: mutant.
Transversion*: purine nucleotide replacement with pyrimidine55.

Prevalence of Cone-Rod dystrophies is approximately 1 in 40,000. Cone-Rod dystrophies are ten times less prevalent than Retinitis Pigmentosa, but usually display much severe morbidity23. Cone rod dystrophy has been identified in families and several members of a family are usually affected by the disease. Kelsell et al (1998) 27performed linkage analysis on related patients, and localised the pathogenic mutation to RIMS1 gene on chromosome six. Johnson et al (2003)22 further investigated this autosomal dominant disease. They reported Guanine to Adenine point mutation in the RIMS1 gene at chromosome 6 localised to position 6q14 [long arm of chromosome 6 position 14] 22. According to Johnson et al, This mutation resulted in translation of Histidine [instead of Arginine] [Arg844His] 22 in the highly conserved C2A domain of the protein22 (figure 3).

A) 
    Exon 14_5' - 3'_ Frame 3

tgataaaagtaaaaggaggaccaaaacagtaaagaaaatactagaaccaaaatggaat
  D  K  S  K  R  R  T  K  T  V  K  K  I  L  E  P  K  W  N
caaacttttgtctattcacatgtacatcgtagagattttagagaacgaatgttagaaata
 Q  T  F  V  Y  S  H  V  H  R  R  D  F  R  E  R  M  L  E  I
actgtgtgggaccaaccaagagtgcaagaagaagaaagtgaatttcttggagag
 T  V  W  D  Q  P  R  V  Q  E  E  E  S  E  F  L  G  E



B)     WT and MU protein sequence alignment


WT*:   --DKSKRRTKTVKKILEPKWNQTFVYSHVHRRDFRERMLEITVWDQPRVQEEESEFLGE---
           
MU**:  --DKSKRRTKTVKKILEPKWNQTFVYSHVHHRDFRERMLEITVWDQPRVQEEESEFLGE---

[bookmark: _Toc262188916]Figure 3: Exon 14 open reading frame Translation results and protein sequence alignment. Part A) Exon 14, 5’→ 3’ Open Reading Frame 3 translated from EXPASY Translate XIII, and verified by running BLASTP (ENSEMBL). The codon encoding Arginine[R] is highlighted (light blue). Part B) alignment of wild type exon translated protein sequence with mutant. The R (yellow) → H (Red) mutation occurs at amino acid position 844 in the protein; for simplicity only exon 14 translated amino acid sequence is shown. (WT*: wild type. MU**: mutant. R: Arginine. H: Histidine).

Cone rod dystrophy may be caused by mutations in various parts of the neuronal circuits. Two genes related to Cone rod dystrophy have been identified which translate proteins involved in neuronal synaptic transmission. These are RIMS1 and HRG4; genetic mutations in both cause Cone rod dystrophy23. This emphasises the importance of synaptic transmission in maintaining normal neuronal function. 
In 2007 Sisodiya et al54 discovered higher verbal cognitive abilities in CORD7 patients. It has already been established that RIMS1protein is important for the spread of information from photoreceptors to brain, but the finding is baffling when it comes to enhancement of cognition in RIMS1 mutation54.
The need for more research remains with regards to RIMS1 protein. The mutations in RIMS1 gene need to be analysed in a large and diverse population of subjects. 
[bookmark: _Toc262188850]RIMS1 structure and functions:
RIMS1 protein has several isoforms; largest is RIMS1 alpha, a large polypeptide comprising 1692 amino acids, which is encoded by the RIMS1 gene on chromosome 6. Other RIMS1 Isoforms are encoded from other chromosomes59. RIMS1 plays a central role in synaptic transmission.  It acts as a scaffold protein, and interacts with other synaptic zone proteins to regulate neurotransmitter release from pre-synaptic cells24. 
The investigations of Kaeser et al (2008)25 revealed that RIMS1α isoform is essential for synaptic transmission in the CA1 region of the Hippocampus25.




[image: ]
[bookmark: _Toc262188917]Figure 4: Structures and function of RIMS1α and RIMS1β proteins. (Extracted from Kaeser et al, 2008; reproduced with minor changes)25
[Zn= Zinc finger motif, PxxP = Proline rich regions, S= Serine, C2A domain interacts with calcium ions. PDZ and C2B domain interact with other synaptic zone proteins/calcium] 

RIMS1α is a very important component of the synaptic zone machinery24, and its important functions are listed as follows:
· Rab-effector molecule, important in synaptic vesicle release24
· Scaffold for binding other synaptic zone active molecules such as calcium, this function further emphasises its role in synaptic transmission24
· RIMS1α messenger RNA expression is greater in cerebral cortex, cerebellum, hippocampus and thalamic areas of mouse brain52
· Homozygous Loss of RIMS1genes is incompatible with life (in mice) 52
· In RIMS1α knockout mice, impairment of calcium triggered exocytosis was observed52.
It has already been established that RIMS1protein is important for the spread of information from photoreceptors to brain, but the finding is baffling when it comes to enhancement of cognition in CORD7 patients54.
The startling observation triggers several queries such as: 
Why would an aberrant protein increase verbal cognition, while causing blindness at the same time. Does every CORD7 patient display higher intelligence? 
Therefore, need for further research was felt into RIMS1 gene. 
Since time and funds were limited, it was decided to screen a single cone rod dystrophy patient for any changes in the RIMS1 exons. 
[bookmark: _Toc262188851]Aim of project
The aim and purpose of this project was to screen hsRIMS1 neuronal exons of a Cone Rod dystrophy patient for pathogenic mutations. 
The chosen research subject is a senior lecturer, employed at a reputed Scottish University despite his disability. He was diagnosed with cone rod dystrophy at 30 years of age (late onset). He was the first patient in his family as No one in his ancestors or descendents was ever diagnosed with cone rod dystrophy. He was kind enough to donate his DNA sample for this project.  It was proposed that he might be suffering from a point mutation or deletion which has resulted in disease. 
Highest expression of RIMS1 gene is in the brain52 and there are 36 exons in the RIMS1 gene47. However, all exons are not expressed in the neuronal tissue.  As aim of this project was to screen for a pathological mutation likely to cause cone rod dystrophy; only neural expressed exons (retina and brain) were screened.
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[bookmark: _Toc262188853]
2.1 SAMPLE COLLECTION, DNA EXTRACTION FROM SALIVA AND AMPLIFICATION OF GENOMIC DNA

[bookmark: _Toc262188854]2.1. A. Sample Collection
Saliva sample was collected from patient in a specialised Oragene OG-500 kit16. The OG-500 kit is used to extract high quality DNA from 4.0 ml of saliva30.  After collection sample was stored at -20°C and DNA was extracted the next day.
Equipment & Reagents used: 
OG-500kit, tissue paper, gloves, Pasteur pipettes and Biohazard waste bag.
Method:  
A non invasive and painless method of sample collection was used.  The subject was asked to spit in the kit up to the marked level. After which the lid was closed until a click was heard.
 The solution in the lid was allowed to mix with the saliva sample and the steps shown in the figure 5 were followed (reproduced with changes)16. 
The same procedure was followed for sample collection of Normal Control.
          [image: ]
[bookmark: _Toc262188918]Figure 5 Collection of Saliva sample from donor/patient.                                  
(Reproduced with changes from Oragene DNA Self-Collection Kit User Instructions)16
[bookmark: _Toc262188855]2.1. B. Extraction of DNA from Saliva
DNA was extracted from saliva after thawing the sample at room temperature. 
Equipment & Reagents used: 
OG-500kit, water bath at 50°C, 15ml sterile tubes, 1.5 ml eppendorfs, centrifuge, Micropipettes (P10, P50, P200, and P1000), Pasteur pipettes, weighing balance, Biohazard waste bag, 70% & 90% Ethanol, and 1xTris-EDTA buffer.
Method:     
We weighed the saliva sample with the kit. Since DNA yield is directly proportional to the weight of the saliva sample30. 
Weight of OG-500 kit without sample = 6.90g
Weight of OG-500 kit with sample = 7.0892g
Hence weight of saliva sample = 7.0892 - 6.90 = 0.1892g
Then the saliva sample was incubated at 50 ͦ C for an hour, in its kit. After taking note of sample volume, it was transferred into a 15ml centrifuge tube.  The saliva sample volume = 2.0 ml. 
The protocol required addition of ORAgene DNA Purifier as 1/25th of sample volume30.
1/25th of 2.0 = 0.08ml (x1000) = 80µl.
80µl of ORAgene DNA Purifier were added to the sample and mixed by vortexing for a few seconds. After which the sample was incubated on ice for 10 min. Then the sample was centrifuged for 10 min at 6000 rpm (maximum speed of the Centrifuge). The supernatant (DNA) was removed into a clean 15ml tube, without disturbing the pellet (turbid impurities). The pellet of impurities was discarded. For Precipitating DNA an equal volume of 95% Ethanol was added to the sample. the volume of patient’s sample was 2 ml, and equal volume (2 ml) of 95% Ethanol were added to it. After addition of Ethanol the tube was mixed gently by inversion. Then  sample was allowed to stand at room temperature for 10 minutes followed by centrifugation for 10 minutes at as high speed as possible ~ 6000 rpm. The supernatant (Impurities) were carefully removed without disturbing the DNA pellet.  In the Ethanol wash step, 1ml of 70% Ethanol was carefully added to the tube without disturbing the DNA pellet. After gently swirling the tube, sample was allowed to stand at room temperature for 1 minute. Sample was centrifuged for 5 min at 6000 rpm (maximum speed of the Centrifuge). In order to dry the DNA pellet, ethanol was removed without disturbing the DNA pellet using Pasteur pipettes.  The tube was inverted on blue role and DNA pellet was dried for 5 minutes. The DNA pellet was rehydrated by addition of 1ml of TE buffer, and mixed by vortex for 30 seconds. 
The sample was incubated at 50 ͦ C for an hour with vortex every 20min. Then DNA sample was transferred into three 1.5 ml tubes, for PCR (50µl), quantification (15 µl), and Bulk (935 µl).
The same procedure was followed for the extraction of DNA from a normal sample (Control). However the weight of the sample, volume of 95% Ethanol and that of Oragene Purifier used were different as given in the table 1.

[bookmark: _Toc262188999]Table 1 Saliva sample weight and volume differences between patient’s & normal sample. 
	Saliva sample from
↓
	Weight of sample
(g)
	Volume of sample
(ml)
	Volume of Oragene Purifier added
(µl)
	Volume of 95% Ethanol added
(ml) in the DNA precipitation step

	
Patient / subject
	
0.1892g
	
2.0ml
	
80µl
	
2.0ml

	
Normal donor
	
1.555g
	
3.5 ml
	
140µl
	
3.5 ml





[bookmark: _Toc262188856]2.1. C. 0.8% Agarose Gel Electrophoresis to verify DNA presence in extracted sample
Agarose is one of the polysaccharide gels which were at first introduced in 1955 by Smithies60; its structure is given in the figure 6. Agarose is obtained from Red Seaweed60. Agarose gels are used in analysis of molecules over 10nm of diameter size60. 
               [image: ]
[bookmark: _Toc262188919]Figure 6: Chemical structure of Agarose (Re-produced with changes from Westermeier, 2005)60. Above structure shows the glycosidic bond between “D” and “L” forms of Galactose51.

Agarose gel electrophoresis is the standard procedure for separation, purification and validation of nucleic acid presence in a sample60. Agarose is dissolved in boiling water and it forms a gel on cooling. Nucleic acids are loaded into wells in the gel and electric current is applied60. DNA is negatively charged (more Anions) so it moves from the Negative electrode or Cathode to the Positive electrode or Anode60. A fluorescent dye is added to the Agarose gel (Gel-red was used) which stains and the nucleic acid bands become visible under Ultraviolet light60. The gel is stained carefully with Gel Red before pouring it in the gel tank, as it is carcinogenic. The pipette tips are discarded as Biohazard waste. The sizes of the separated fragments are compared with a specific DNA Marker. In 0.8% Agarose gel electrophoresis we used Bioline Hyperladder I Marker5, while in 2.0% gel electrophoresis Bioline Hyperladder IV Marker6 was used. The Hyperladder I & IV are ready to use DNA markers which make fragment sizing easy4. 
[image: ]   [image: ]
[bookmark: _Toc262188920]Figure 7 Bioline Hyperladder I and Hyperladder IV size charts. Hyperladder I marker was used in 0.8% Agarose gel electrophoresis to separate fragments ranging from 200bp to 10,000bp in size5. Hyperladder IV is used to size separate fragments ranging from 100bp to 1000bp in size6. A genomic DNA band above the 10,000bp marker suggests DNA concentration more than 100ng /band. (Re-produced from Bioline website) 5

Equipment & Reagents used:  
Gloves, Lab coat, patient’s Genomic DNA stored at -20°C (thawed before use), Agarose powder, 1X TBE buffer, Gel Red, distilled water / dH2O, sterile Conical flask, sterile tips (10µl), micropipettes (p10 & p20), Agarose Gel Electrophoresis apparatus (casting tray, comb, buffer tank and power pack) and BIO-RAD ChemiDoc XRS+ System.

Method:  
After weighing 1g electrophoresis grade Agarose gel powder in the weighing balance, 100ml of 1xTBE buffer was added to it in a sterile conical flask. Powdered Agarose dissolved completely by boiling in microwave for 3 minutes. The gel was allowed to cool down at room temperature to about 60°C as the gel cooled; the gel tray was sealed and a comb was inserted in the tank. 4µl of Gel Red was added when Agarose cooled to about 65°C. Agarose Was poured slowly into the gel tray when its temperature lowered to 60°C. The gel was poured slowly to
avoid formation of bubbles. After pouring, it was allowed to stand undisturbed at room temperature for about 40min. Once the gel had set the Comb was carefully removed to avoid breaking the gel or distorting the wells. The tray was then placed in Gel tank and it was filled with 1X TBE buffer until it covered the Agarose gel (Westermeier, 2005) 60. Then the wells were loaded with Hyperladder I DNA Marker and sample 
(DNA sample 10µl + 2.5 µl loading buffer).
DNA samples are at first mixed with the Gel loading buffer in eppendorfs. The Gel loading buffers are very important as they allow monitoring of the electrophoretic process as they contain mobility dyes which help migration of nucleic acid at predictable rates towards the positive electrode8. The Gel loading buffers help settle DNA into wells by increasing its density and they Add colour to the sample which improves visibility8. 
Movement of nucleic acid molecules depends on pore size of the gel60. Greater the weight of the gel (and less water or buffer) smaller will be the pore size60. Only small molecules can pass through small pores, and generally gels with 1% w/v [weight/volume] have a pore diameter of 150nm60. 
Movement of DNA through Agarose gel is dependent on the following factors51:
· Buffer: Electrophoresis cannot be carried out without an appropriate electrophoresis buffer. In general 1xTBE (Tris Borate EDTA) buffer is used for efficient electrical conductance51
· Size:  This is inversely related to migration of molecules through the gel. Thus large molecules such as double stranded genomic DNA will move slowly through the gel51
· Voltage: this affects the speed of migration, and a gel should be run at 5-8 volts per cm for DNA fragments greater than two thousand base pairs in size51
· Agarose concentration or weight per unit volume of water: higher the concentration smaller will be the pore size and slower will be the movement of DNA fragments51
Nucleic acid conformation: circular fragments e.g. plasmids migrate faster than linear fragments51.
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[bookmark: _Toc262188921]Figure 8 Agarose Gel Electrophoresis set at 150 volts for 1 hour to separate genomic DNA fragments.                                                                                                                           Black lead was put into black slot & red lead into red slot of the power pack. After voltage was set, electrophoresis was run for an hour (Westermeier, 2005) 60. [The picture was taken in the laboratory while working on the project].
Electrophoresis was run at 150 volts for an hour (figure 8). 
After one hour we shut off the power pack, and removed the gel tray from the buffer tank, into a container. 
Pictures were taken using the BIO-RAD Molecular Imager ChemiDoc XRS+ System7. The BIO-RAD ChemiDoc XRS+ System (figure 9) uses UV light and manufacturer’s instructions were followed to avoid health and safety hazards. Gloves were taken off after the gel was placed for imaging, to avoid contamination of laptop attached to BIO-RAD.



     [image: ]
[bookmark: _Toc262188922]Figure 9 BIO-RAD ChemiDoc XRS+ System in the Level 3 laboratory.                         It was used to take pictures of Agarose Gel after Electrophoresis. The system is attached to a laptop notebook and that is where we saved our gel pictures.

By the above methods we proved that our sample had more than 100ng/band DNA. Furthermore, in order to quantify DNA yield and calculate purity of the sample we used the Spectrophotometric method.








[bookmark: _Toc262188857]2.1. D. DNA Yield Quantification and Sample Purity Ratio Calculation:
 The amount of nucleic acids present in a sample can be quantified via three main methods51 summarised in the table 2:
[bookmark: _Toc262189000]Table 2: A comparison of DNA quantification methods (Sambrook and Russell, 2001) 51
	
	Spectrophotometric
Method
	Fluorescence emission
intensity  method
in presence of Hoechst 33258
	Ethidium Bromide spot test
method

	Principle
	Absorbance of UV light by sample at 260nm wavelength
	Non intercalative binding of Hoechst 33258 with A/T rich regions of DNA results in an increase in fluorescence emissions
	UV light induced fluorescence emitted by Ethidium bromide intercalated DNA molecules

	Instrument used
	
Spectrophotometer
	
Fluorometer
	UV-Transilluminator

	Wavelength

	Absorption at
260nm
	Emission at 458nm
	Emission at 590nm

	Advantage
	Accurate concentrations of nucleic acids can be calculated at controlled pH & low ionic strength of solution
	Useful in quantification of high molecular weight dsDNA
	Sensitive and fast method. Fluorescence is proportional to DNA total mass in sample

	Disadvantage
	Suitable for highly purified samples only as RNA or Phenol interfere with results.
With This method we cannot distinguish between RNA and DNA.
	Not suitable for small DNA fragments and Ethidium bromide contaminated samples
	Sensitivity to RNA, so only suitable for highly purified samples.



Spectrophotometric analysis is the most commonly used method for measuring DNA concentration. At 260 nm wavelength an OD reading of 1 corresponds to dsDNA concentration of about 50µg, 40µg ssDNA and 33µg RNA51. Readings are also taken at 280nm wavelength as proteins have maximum absorption at 280nm51. Later a purity ratio is calculated as OD260:OD280. The purity ratio indicates purity of DNA sample51. A purity ratio of 1.8 will indicate a pure DNA sample whereas purity ratio of 2.0 will indicate pure RNA sample51. Purity ratios less than 1.8 will indicate contamination with protein and greater than 1.8 will indicate RNA contamination51. 
Equipment & Reagents used: 
Spectrophotometer, 100µl cuvettes, Quartz cuvettes, micropipettes, 1xTE buffer, gloves and sterile pipette tips
Method: 
Manufacturer’s guidelines were followed. Readings were also taken at 320nm according to DNA Genotek guidelines30, as 1xTEbuffer was used to elute DNA.
Three 1in 20 dilution samples [1:20] were prepared from patient’s and Normal DNA bulk solution 
Patient’s = ([950µl of sterile water + 50µl of DNA in quartz cuvettes] 
Normal control = [95µl of sterile water+ 5µl of Normal DNA]). 
1xTE buffer was used as blank. Optical density values were adjusted to zero. Three sets of three readings were taken at 260nm and 280nm respectively. Then the mean values were calculated. Suppose at an optical density reading of 1.0 DNA concentration is 50µg were then concentration of DNA in sample with x OD value can be calculated by the formula given in equation 1. The correction of OD260 & OD280 was done by subtracting OD320 values from each. The purity ratios were also calculated after correction30. 


[image: ]
[bookmark: _Toc262189041]Equation 1 calculation of DNA concentration from OD value30
[The length of path which light travels is 1cm and has not been included in this equation to simplify it]                    

[bookmark: _Toc262188858]1. E. Oligonucleotide Primer designing; Tm calculations and Dilution 

For efficient and precise amplification of exons (DNA) using Polymerase Chain Reaction, primer designing is the foremost crucial step13. Poorly designed primers can amplify the wrong or no product13. Several factors influence primer designing13.
Primer Length: primers of 18-30 base pairs in size are optimal for most reactions13. Long sequences are more specific but may bind to several places in the template sequence due to formation of secondary structure (e.g. hair pin loop) 13. Short primers are not desirable as they may bind to non specific regions in the template13.
Primer Pair Melting Temperature Tm: the length and composition of primer influences its Tm directly. The disparity in Tm of primer pair should be between 2-3 degrees.  For a short primer sequence of 20 bp or less, Tm may be calculated using Wallace rule13. According to Wallace rule oligonucleotide melting temperature Tm = 2°C (A + T) + 4°C (G + C) 13.
Genomic DNA Repeats: long repeats in primers interfere with amplification, and may lead to non specific amplification13.
GC clamp: Including G (Guanine) or C (Cytosine) residues at the 3’ end of primers, increases amplification efficiency whereas Thymidine residues at 3’ end reduce specificity13.

[bookmark: _Toc262188859]RIMS1genomic sequence and Exon numbering:

Online tools such as PRIMER3XIV Primer design software and OligoPerfect DesignerXV tool from Invitrogen Company’s website were used for primer designing.
The foremost building block in primer designing is knowledge of the nucleotide sequence which is to be amplified. RIMS1 genomic sequence was extracted from Ensembl database47. The gene has a total size of 51,6467bp and has thirty six exons47. 
The next step taken in primer designing was identification of exons expressed in neuronal tissue (retina and brain) only. Although Johnson et al (2003)22 published information on RIMS1 tissue specific expression but they added a rat exon (figure 10), and primers could not be designed until the exon numbering was corrected for the human gene. 






[image: ]

[bookmark: _Toc262188923]Figure 10 Johnson et al (2003)22 numbered RIMS1 exons are indicated as numbered boxes. At number 3 is the rat specific exon. Grey shaded exons are those which undergo alternative splicing. The exons shaded in blue are expressed in both retina and brain (Extracted from Johnson et al, 2003)22

For correction of the exon numbering, the following methods were used primer sequences given in the research paper22 (Table 3), alignment toolsVII and Bioinformatics Reverse Compliment toolIII.

[bookmark: _Toc262189001]Table 3 Human RIMS1 PCR Primers designed by Johnson et al, 2003. (Extracted from Johnson et al, 2003) 22

[image: ]



The corrected numbering for neuronal exons of human RIMS1 gene sequenced in this project is given in table 4

[bookmark: _Toc262189002]Table 4  Homo sapiens RIMS1 Neuronal exons corresponding to Johnson et al (2003)22 exon numbering.
	
Index
	Human RIMS1 exon
	Corresponding Johnson et al (2003)22 exon numbering

	A
	11
	12

	B
	12
	13

	C
	13
	14

	D
	14
	15

	E
	15
	16

	F
	16
	17

	G
	17
	18

	H
	18
	19

	I
	19
	20

	J
	22
	23

	K
	24
	25

	L
	26
	27

	M
	32
	31

	N
	33
	32

	N
	34
	33

	O
	35
	34

	P
	36
	35






















Primer Designing:  
Intronic flanking primers were designed to include splice sites in the PCR product. All primers were designed using PRIMER3 online toolXIV, except internal primers for exon 13, 17, 18 and 24. These internal primers were designed using the OligoPerfect Designer tool available online from Invitrogen websiteXV. Brackets [ ] were used around the exon sequence to include it in the PCR product. 
[bookmark: _Ref262167126][bookmark: _Toc262189003]Table 5 PCR Primers designed for neuronal exons of hRIMS1, the expected product sizes and Melting temperatures:
	hsRIMS1
exon  Primers
	PCR Primers
F = Forward 
R = Reverse
	Expected 
PCR product size (bp)
	Manufacturer’s
Tm

°C
	Tm calculated using Wallace rule
°C

	11F
11R
	AGACCCAGCAGGATTTTTCA
AGTAACCCCAATTCATTATATCAAA
	248
	54.3
50.5
	56
64

	12F
12R
	ACAAATAAAGGATGCATTTAACATT
CAGCCTCCAACATGTACAAAAA
	225
	50.2
53.7
	62
62

	13F
13R
	TTCCTTTCCTCATTGCTCCT
CATCCCAAAAGAGAAAATTCTACC
	229
	54.3
51.7
	60
62

	14F
14R
	AACTACAGTAGATGGCAGCATGT
AAAAGCGCTGTCTCCAATTC
	384
	56.1
53.7
	66
58

	15F
15R
	TTGATTTAATTTGAGAATTACCCTCTC
TGGCAACTAAAAGGACCTTAACC
	209
	51.7
55.2
	70
66

	16F
16R
	CGTTTCATAAACCAACCAGACA
TAAAGAGGTCCGGAAGCTGA
	203
	43.4
55.4
	62
60

	17F
17R
	TTCCTGTGTTAATGTTTGCATTATAG
CACTGAGCCCATTTCAAAGC
	248
	52.1
54.6
	68
60

	18F
18R
	TGACACATAAGAATTTTGTAATCATTT
TGTGCTATGCCACAATATCTGTAT
	235
	50.3
54.2
	66
66

	19F
19R
	ACCATTGGCATAACCCATGT
CCACTAAGGGAGAGACGGAAG
	210
	54.7
56.5
	58
66

	22F
22R
	TCTCTTCTACCACTGGATGCAA
GGCTGTCATGAAACAAAACAAA
	208
	55.5
52.6
	64
56

	24F
24R
	TGCCATTTTTCATGTCTATTGTG
TGAGAGTGACAGCACCCCTA
	234
	52.0
57.5
	62
62

	26F
26R
	GTGCACATTGCCCTATCTCA
TTCTCTGTCGGTGCATTCTG
	215
	55.1
54.9
	60
60

	32F
32R
	GAGTTTCTTTTACTCTCTCCTGTCA
ACAATTCCTGGTTCCACAGC
	211
	54.1
55.6
	70
60

	33F
33R
	CCTTTGGTTTTTATCCTTTTGC
TGTTGCTTCTCACTTGTATTGC
	246
	50.9
53.7
	60
62

	34F
34R
	ACGGGCTCTCCTTTTTGTTT
TCCCTTCACCAAATTCAGGA
	212
	54.9
53.7
	58
58

	35.1F
35.1R
	TCAATGGGAAACTTTCAGTAAGC
TTTCAATGTAAAAAGCCAAACAAA
	288
	53.4
50.7
	64
60

	36F
36R
	TTCGAATGTGAAGCAGAGAGAA
TTGGAATGACTCTGGTATGAGTTC
	300
	54
54.4
	62
68



 RIMS1 Exon 19 and 36 are huge47. BLASTNVIII and Translate toolsXIII were used to identify the regions with ORFs; to ensure that the primers designed would amplify specific products (figure 11)
[image: ]
[bookmark: _Toc262188924]Figure 11 Steps taken to design primers specific to ORFs in RIMS1 exon 19 and 36.  The ORFs were bracketed before input in Primer3 to design specific primers. 

During the course of experiments, internal primers had to be designed for chromosomes 13, 17, 18 and 24 (table 6). 
Internal primers or “nested” primers are designed to the exon only13. The exon sequence was pasted in PRIMER3 and the product size was specified, which cannot be more than the total exon size. Internal primers are more specific and often yield better results13. 



	hsRIMS1
exon  Primers
	PCR Primers

	Expected 
PCR product size (bp)
	Manufacturer’s
Tm

°C
	Tm calculated using Wallace rule
°C

	13F
13R
	TGGTATGATAAAGTGGGACACC
TTTTTACATAGGGATTTCGAGGA
	100
	54.3
51.7
	60
62

	17F
17R
	AGGCTATAGGTCTAGTGCTAGAGAAAG
AATGGCACATTTGGTAAACG
	150
	56.7
51.7
	78
56

	18F
18R
	CATCCAACAAGAAGGTCACG
TGTTCTGATAAATACTGACTATCCACA
	104
	53.7
53.6
	60
72

	24F
24R
	ATTCCACAGGCACTCCAGAA
ACCACAACACCAAGCCTACC
	100
	56.3
57.6
	60
62


[bookmark: _Toc262189004] Table 6 Specification of Internal PCR Primers designed to exons 13, 17, 18 and 24 of hRIMS1.

   F= Forward 5’ – 3’.  R = Reverse 3’ – 5’.

Exon 35 (2nd set of Primers)
Exon 35 primers had to be redesigned, as three PCR products were obtained with the first set of primers in both normal and mutant samples. Second set of exon 35 Primers were designed with both up- and downstream introns included in the input sequence (table 7). The aim of including bigger region was to study area flanking exon 35. 
Accidentally the brackets were forgotten during the designing process, and this accident lead to the discovery of pseudoexon 35.

[bookmark: _Toc262189005]Table 7 the specifications of second set of PCR primers designed to exon 35

	hsRIMS1
exon 
Primers
	PCR Primers

	Expected 
PCR product size (bp)
	Manufacturer’s
Tm

°C
	Tm calculated using Wallace rule
°C

	35.2F
35.2R
	TTCACCACCAACTCTGCTTG
CTTGCCTGCCAATTTTGATT
	210
	55.4
52.1
	60
56


  
 F= Forward 5’ – 3’.  R = Reverse 3’ – 5’.
Primer Dilution
Primers cannot be used straight from stock and need to be diluted and 10µmolar dilutions of primers are optimal for PCR13.
The concentrated primers were diluted to make 100 µmolar stock solutions. The 100µmolar stock solutions were further diluted to get ready to use 10µmolar primer dilutions51.
The formula mentioned in equation 2 was used to calculate primer dilutions.

[bookmark: _Toc262189042]Equation 2: calculation of sterile water Volume required for preparing dilutions (Reddy and Khan, 2004)45
    [image: ]

From the 100µMolar stock (table 8) solution 20µl were transferred to a labelled eppendorf and 180µl of sterile water were added for making up a 10 µMolar concentration (1 in 10 dilutions).


[bookmark: _Toc262189006]Table 8 Volume of sterile water required to get a 100 micro-molar stock concentration of primers.
	hsRIMS1
primer
	Concentration of Stock in nMoles/L
	Volume  (µl) of sterile water added to make a 100µMolar Dilution

	11F
11R
	30.1
37.0
	301
370

	12F
12R
	33.2
26.0
	322
260

	13F
13R
	37.7
47.1
	377
471

	i13F
i13R (2nd primer set)
	39.1
32.1
	391
321

	14F
14R
	36.6
35.7
	366
357

	15F
15R
	38.9
33.7
	389
337

	16F
16R
	30.5
31.6
	305
316

	17F
17R
	33.4
31.5
	334
315

	i17F
i17R (2nd primer set)
	27.1
24.5
	271
245

	i18F
i18R (1st primer set)
	39.3
41.0
	393
410

	18F
18R  (2nd primer set)
	22.9
31.8
	229
318

	19F
19R
	30.6
26.0
	306
260

	22F
22R
	31.4
30.6
	314
306

	24F
24R (1st primer set)
	26.0
34.8
	260
348

	24F
24R (2nd primer set)
	27.3
39.4
	273
394

	26F
26R
	33.8
31.5
	338
315

	32F
32R
	32.0
35.4
	320
354

	33F
33R
	34.5
33.8
	345
338

	34F
34R
	46.2
32.5
	462
325

	35F
35R
	29.8
19.2
	298
192

	35.2F
35.2R (2nd primer set)
	31.1
32.3
	311
323

	36F
36R
	32.2
36.5
	322
365























5µl of each Forward/Reverse primer from the 1 in 10 dilutions were used for PCR. The stock and dilutions were stored at -20 ͦ C.

[bookmark: _Toc262188860]2.1. F. Amplification of genomic DNA using Polymerase Chain Reaction (PCR)
Polymerase Chain reaction (PCR) has been used extensively to amplify chosen sequences, since its formal introduction by Kary Mullis35. PCR (figure 12) uses a special thermostable polymerase from Thermus acquaticus to amplify to DNA in vitro35.  
[image: ]
[bookmark: _Toc262188925]Figure 12 Exponential Amplification of desired DNA sequences using Polymerase Chain Reaction. PCR is followed by Agarose Gel Electrophoresis which verifies success of the reaction (Extracted and reproduced with changes from Brown, 2002)9.

PCR reaction mixture generally contains DNA sample to be amplified, primers, Taq polymerase, dNTPs (deoxynucleotide tri phosphates) and MgCl2 (Brown, 2002) 9.


The first cycle of PCR yields ‘long products’ or ‘polynucleotides’9 of the target single stranded DNA molecules (figure 12). The 5′ ends of polynucleotides are similar but 3′ ends are different due to random elongation stop positions. In subsequent repeat cycles, the polynucleotides act as templates for synthesis of new DNA strands. The new DNA strands are the so called ‘short products’. As opposed to long products, both 5′ and 3′ ends of short products’ are dependent on the primer annealing positions9.
Short products double during each cycle and amplify in an exponential way during repeat cycles until depletion of the reaction mix components9. This would give rise to more than 250 million short products from a single starting molecule in 30 cycles9.
PCR process is divided into three main steps for simplicity:
Denaturation: involves heating the reaction mix at 93°C - 95°C for human DNA, to break the hydrogen bonds between DNA double helix. As a result the target sequence now becomes single stranded which is easily accessible9. 
Annealing: Denaturation is followed by annealing of the primers to the single stranded template at 50°C - 60°C (Brown, 2002) 9.
Extension: reaction temperature is raised to 72°C to facilitate the process of amplification9. 80°C is the optimal temperature for Taq polymerase to amplify DNA, but it is thermostable up to 94 °C55.



Advantages of PCR
The advantages of DNA amplification by PCR are speed, ease of use, robustness and sensitivity55. Cell based DNA cloning is a time consuming procedure, which may take weeks55. Whereas PCR can be completed in hours, more time is spent in primer designing. It can be used to amplify small DNA quantities and it has found application in research, forensics and diagnosis55.

Disadvantages of PCR
Main disadvantages of PCR based DNA amplification are prior knowledge of target DNA sequence, infidelity of DNA Replication and limited size/amount of PCR product55. 
If the size, location and boundaries of the target sequence are known then specific primers can be designed; and may result in successful PCR amplification of DNA 55.  
Size and amount of product which can be amplified using PCR is in the range of 100bp to 5000bp; in contrast Cell based DNA cloning can stably amplify up to 2 Mb size products55.
Infidelity of DNA Replication refers to the in vitro error rate, which is lower in cell based cloning due to proof reading mechanism inside the cells 55.
Even with the constraints on PCR, it can be used to amplify sample DNA sequences successfully. Considering this project where a patient is screened for a dominant mutation, cell based cloning may be time consuming and results may be confusing. Thus in order to avoid complications, PCR was used to amplify DNA.
Equipment & Reagents used:  

PCR work station, Machine, extracted DNA samples, Nuclease free water, Primers, PCR micro tubes, gloves  and 2xPCR Master Mix by Promega (Taq DNA polymerase 50units/ml, buffer pH=8.5, 3mM MgCl2,, 400µM dCTP, 400µM dATP, 400µM dTTP, 400µM dGTP)44

Method51:

70% ethanol was used to clean the PCR work station surface and after that UV light (denatures DNA and prevents cross-contamination) was switched on for 10 minutes to sterilize the work station. Then ice box was filled and kept in the work station. PCR Master Mix was and primers were kept in the icebox. The components of the PCR mixture prepared for each exon are given (table 9). Before transfer each was centrifuged at low speed for 50sec to shift all contents to bottom of the tube. After the reaction tubes were prepared, they were kept in the ice box; to prevent non specific amplification. Then the PCR machine was set (table 10) and the file was stored as HONS, for next runs. Hot lid was selected as “on” and when the reaction tubes were ready to be loaded, the “run” button was pressed and the lid was closed firmly.




[bookmark: _Toc262189007]Table 9 Volumes of the ingredients used in each of the three Polymerase Chain Reaction mixtures prepared for every exon under study.
	Ingredients

	 A mix 
Volume (µl)
	B mix 
Volume (µl)
	Negative Control
Volume (µl)

	DNA 
	1 
	2
	0

	PCR master mix
	25
	25
	25

	Sterile Water
	14
	13
	15

	Forward Primer
	5
	5
	5

	Reverse Primer
	5
	5
	5

	Total volume (µl)
	50
	50
	50



Multiple exons were amplified in each Polymerase Chain Reaction, where primers had similar melting temperatures. 
The same steps (table 10) were followed for all, only the Annealing temperature was changed (figure 13).

[bookmark: _Toc262189008]Table 10: Stages of Polymerase Chain Reaction/s51:

	PCR Stage
	Duration 

	Temperature
  ͦ C

	Hot Lid
	On ~ during the whole reaction
	105 ͦ C

	Initial incubation 
	2 min
	94 ͦ C

	35 cycles of:
Denaturation
Annealing
Extension
	
30 sec
30 sec
30 sec
	
94  ͦ C
50 / 53/ 55 ͦ C
72  ͦ C

	Final 
Polymerisation
	45 min
	60  ͦ C


	Soak
	Overnight 
	04  ͦ C




All reactions were carried out with hot lid on.  Hot lid prevents evaporation from the mixture in the course of reaction.  Post cycle extension or final polymerisation10 ensures complete amplification of all daughter strands. 
Once the reaction is complete, the PCR products can be held at 4°C for several hours44. The PCR products were held overnight. After which they were stored at -20°C.
[image: ]
[bookmark: _Toc262188926]Figure 13 Labnet Multi Gene II PCR Machine and the annealing temperatures used in bulk PCRs with 1st / 2nd set of oligonucleotide primers.

Normal control sample was amplified in the case of exon 35 and pseudo exon 35 only, which displayed unusual results. 
After each PCR, 2.0% Agarose gel electrophoresis was set up for analysis of the PCR products and to check the sizes.


Bioline 2x BioMix Red3 and Sequencing
Exons (13, 17, 18 & 24 with 2nd set of Primers) which were amplified using Bioline 2x BioMix red3, did not sequence and the reactions had to be repeated with Promega PCR Master Mix. 
The reason might be interference of BioMix Red3 ingredient/s with DNA extraction from Gel. 

[bookmark: _Toc262188861]2.1. G. Analysis of PCR Products using 2.0% Agarose Gel Electrophoresis 

The principle and aim of this procedure is identical to already mentioned in section 2.1. c. The only difference being the percentage weight over volume of Agarose gel used. The sizes of PCR products are much smaller than genomic DNA, so the pore size of agarose gel must also be small. For this the amount of Agarose powder was raised to 2g in 100ml of 1x TBE buffer60.
Instead of Hyperladder I, the DNA marker Hyperladder IV was used.
Rest of the procedure was similar to detailed in section 2.1. c. Electrophoresis was run for an hour at 150 volts.
After that Pictures were taken using the BIO-RAD Molecular Imager ChemiDoc XRS+ System, followed by excision of bands using UV transilluminator.

[bookmark: _Toc262188862]2.1. E. Excision of purified PCR product bands from Gel

UV transilluminator is used to visualise DNA, and it makes excision of PCR products easy (figure 14). Long duration of UV exposure can denature DNA so care is taken to avoid illuminating gels for greater than 3 minutes51.
Equipment used51: UV transilluminator, scalpel, UV protection hood, gloves, full sleeve laboratory coat and microcentrifuge tubes.
Method51:
Purified PCR product fragments were excised from the gel using UV transilluminator. Since UV light is carcinogenic and can cause burns, UV protection hoods and gloves were used. Care was taken in excising PCR products from each lane, and lab book was kept close by to check. 
[image: ]
[bookmark: _Toc262188927]Figure 14 Excision of PCR Product fragments using the UV Illuminator.

[bookmark: _Toc262188863]2.2. A. Extraction of PCR Product from Gel

Gel analysis confirmation was followed by extraction of purified exon bands from agarose gel. This is extremely important as DNA sequencing requires purified PCR Product free of primers and Taq Polymerase9.

Equipment & Reagents used43
Promega SV gel and PCR clean-up system43 (Membrane Binding Solution, Membrane Wash Solution, Nuclease-Free Water, SV Minicolumns and 2ml Collection Tubes)43, Centrifuge (suitable for eppendorfs and able to revolve up to  at least 16,000 x G-force), micropipettes,1.5 ml microcentrifuge tubes, weighing balance, water bath at 50°C, sterile Pasteur pipettes and sterile tips.

Method43:
An empty microcentrifuge tube was weighed (1.025mg) and its weight was deducted from the total weights of each PCR product + gel. To each mg of PCR product + gel, one µl of Membrane Binding Solution (MBS) was added (table 11). Weight of 1.5 ml centrifuge tube (empty) = 1.025 g.

[bookmark: _Toc262189009]
Table 11 Weight of excised PCR Product fragment with gel and the volume of Membrane Binding Solution added for liquefying agarose. (Only successful sequencing reactions generating results are shown in this table)
	Exon
number
	Microcentrifuge
 Tube And  PCR 
Product +Gel 
weight 
(g)
	Exon
PCR 
Product +Gel 
weight 
(g)
[Total – empty]
	Volume of 
Membrane 
Binding 
solution
 added
(µl)

	11
	1.405g
	0.380g
	380 µl

	12
	1.380g
	0.355g
	355 µl

	13(2nd set of primers)
	1.170 g
	0.145g
	145 µl

	14
	1.390g
	0.365g
	365 µl

	15
	1.090g
	0.065g
	65 µl

	16
	1.115g
	0.090g
	90 µl

	17(2nd set of primers)
	1.195g
	0.170g
	170 µl

	18 (2nd set of primers)
	1.185g
	0.160g
	160 µl

	19
	1.115g
	0.090g
	90 µl

	22
	1.260g
	0.235g
	235 µl

	24(2nd set of primers)
	1.150g
	0.125g
	125 µl

	26
	1.365g
	0.340g
	340 µl

	32
	1.155g
	0.130g
	130 µl

	33
	1.260g
	0.235g
	235 µl

	34
	1.370g
	0.345g
	345 µl

	35.1*
	1.150g
	0.125g
	125 µl

	35.2**
	1.150g
	0.125g
	125 µl

	N35.1***
	1.125g
	0.100g
	100 µl

	N35.2****
	1.565g
	0.540g
	540 µl

	36
	1.135g
	0.110g
	110 µl




















35.1* = patient’s DNA PCR product with first set of exon 35 primers. 35.2** = patient’s pseudo exon PCR product, with 2nd set of exon 35 primers.
N35.1*** = wild type PCR product with first set of exon 35 primers. N35.2**** = wild type pseudo exon PCR product, with 2nd set of exon 35 primers.

After the addition of Membrane Binding Solution, the microcentrifuge tubes were placed in water bath at 50°C for 20 minutes. Followed by centrifugation at 16000 x G-force for 1 minute to transfer all liquid to the bottom. Then liquefied gel was transferred into respectively labelled SV Minicolumn assembly. SV Minicolumn assembly was incubated for 1 minute at room temperature. Then the assemblies were centrifuged at 16,000 x g-force for 1 minute and liquid in the column was carefully discarded using Pasteur pipettes. 700µl of Membrane Wash solution were then added to each SV Minicolumn assembly and Centrifuged at 16,000 x g-force for 1 minute. The liquid in the column was discarded. Then 500µl of Membrane Wash solution was added followed by Centrifugation at 16,000 x g-force for 5 minutes. At the end of this step the collecting tubes were discarded in a Biohazard waste bag and the SV Minicolumn was placed in a sterile 1.5ml microcentrifuge tube labelled respectively. 
Then 50 µl of Nuclease Free Water was added and the Minicolumn was incubated at room temperature for 1 minute; followed by centrifugation at 16,000 x g-force for 1 minute. 
The SV Minicolumns and tubes were removed from centrifuge. Minicolumns were discarded. From each purified product 5µl was transferred to labelled eppendorfs for DNA yield quantification. The microcentrifuge tube caps were then shut tightly. The purified PCR products were stored at -20°C43.


[bookmark: _Toc262188864]
2.2. B. Quantification of PCR product DNA Yield & Purity Ratio Calculation

The same procedures were followed as detailed in section 2.1. d, with one exception. Distilled water was used as blank in Spectrophotometric analysis, as Nuclease free water was used to re-hydrate PCR product.

[bookmark: _Toc262188865]2.2. C. Dilution Calculations for DNA sequencing samples

The concentration of each PCR product was calculated and then volumes were calculated for sequencing sample dilutions. 
The formula C1V1 = C2V2 and information regarding sample concentration from DNAseq17 website was used. The primers were diluted to 3.2µM concentration by adding 3.1 µl of the 10 µM Primer dilutions with 6.9 µl sterile water. 20ng / 30µl dilutions were made for all PCR products in the range of 200bp – 500bp17. 
For exons 13, 17, 18, 19 and 24 nested PCR products 6ng / 30µl concentration17 dilutions were made as the product size was less than 200bp.





Method:
For Example, the method and formulae45 used in calculating dilution volumes are given as follows:
Concentration of exon 11 PCR product (>200bp in size) = 126.3ng/µl in 50µl (the volume of Nuclease Free Water used)
Hence C1 = 126.3ng/µl   
V1 = 50µl
C2 = 20 ng/µl   
V2 = 30µl
Dilution factor = C1 V1 / C2 V2 = 126.3 x 50 / 20 x 30 = 10.525
Volume of stock required for dilution = 50 / 10.525 = 4.8µl (rounded off to nearest decimal point)
Total volume - stock volume required for dilution = Volume of Sterile water required.
30 – 4.8 = 25.2 µl
 Thus 4.8µl of the PCR concentrate were taken and transferred to a sterile eppendorf containing 25.2µl of sterile water to produce a 20ng/30 µl concentration (Reddy and Khan, 2004) 45.




[bookmark: _Toc262188866] 2.2. D. DNA Sequencing Method &manipulation of Data/traces:

Samples were sent to Dundee University for sequencing. The faculty uses ABI 3730 Capillary DNA Sequencer (Scrooge)18, an automated version of Sanger sequencing. Results are produced as chromatogram traces and can be viewed in software such as BioEditXVI.
Using BioEdit software, all sequences were copied as FAST format into notepad.
The 3’ strands were reverse complimented and then copied into notepad followed by alignment with the wild type exon in MUSCLEX. Then the Jal View sequence alignment was copied, exported and saved as MSF file. The MSF files were imported into Genedoc and after review they were exported as RTF documents.
The FASTA format sequences were also useful as they were:
· used to identify ORFs by copying them into EXPASY TranslateXIII input 
· used to retrieve BLAST results from EnsemblXII, NCBIII and EBIIX
The chromatogram traces were copied into Microsoft power point and then into paint for labelling. 
Some of the traces had to be edited manually where computer had not called a base (more in results section).
The sequencing results were used to extract phylogenetic analysis for pseudoexon 35.

[bookmark: _Toc262188867]2. 2. E. Phylogenetic analysis of RIMS1 Pseudoexon:

Genotypes modulate phenotypic expression in all organisms.  All genomes undergo changes, i.e. mutations. At the DNA molecular level, mutation comprises changes in Purine [Adenine, Guanine] and Pyrimidine [Cytosine, Thymine] nucleotide sequence in the genome55. The change of Purine (double ring structure) with Pyrimidines is a process called as Transversion55. Replacement of Purines with another purine is termed as Transition55. Both events are of great significance in evolution55. 
Phylogeny is Study of changes in genomes or transcriptomes over the course of evolution50. 
The aim of pseudoexon 35 phylogenetic analysis was to see whether this change is a recent event or has been present through the course of evolution. Six species were selected for analysis which included mammals and primates only, for the purpose of simplicity.
Phylogentic analysis was performed using the software PHYLIP40. This is a professional software is used to derive evolutionary trees and phylogenies40. 
The main method employed for pseudoexon 35 Phylogentic analysis was Maximum likelihood. With Maximum likelihood method phylogenetic tree is produced according to higher probability or likelihood of an event than lower probability40. Higher probabilities are selected in the analysed sample. It is robust statistical method and can be used on a range of data sets40.
The sequence of steps involved in phylogenetic analysis was as follows:
Alignment: using wild type exon 35 and Pseudoexon 35 PCR (5’ – 3’ & 3’ – 5’) product sequences, BLASTN (ENSEMBL) was run [allowing some local mismatch] with six species. The species selected were Homo sapiens, Gorilla gorilla, Macaca mulatta, Mus musculus, Pongo pygmaeus and Pan troglodytes.
Exon 35 and Pseudoexon 35 Sequences specific to each species was extracted; followed by multiple sequence alignment was run in MUSCLE (EBI). The alignment was saved as MSF and was reviewed in GENEDOC softwareXVII. The data was exported as Phylip file40.
Tree puzzle software was used to calculate the Transition/ Transversion ratio, Gamma distribution (α) and Rate of Heterogeneity58.
The data was exported into PHYLIP software, and random sampling of data was done by importing the file into Seqboot. 100 data samples were created by Seqboot58. 
The Seqboot out file produced was imported into DNAMLK for DNA Maximum likelihood method analysis58.
The output files generated from DNA Maximum likelihood analysis were imported into Consensus Tree58.
Drawgram application was used to draw a rooted tree under the assumption of a Molecular clock58.
Labelling was done using Adobe Illustrator software58.










[bookmark: _Toc262188868]CHAPTER 3 – RESULTS & DISCUSSION
[bookmark: _Toc262188869]
3. 1. A. Genomic DNA Gel Pictures 

Gel pictures taken in Bio-Rad confirmed presence of DNA in both wild type and mutant samples. 
       [image: ]
[bookmark: _Toc262188928]Figure 15: Wild Type and patient’s genomic DNA gel pictures. 
Greater yield and considerable amount of RNA contamination is visible in wild type sample. Both sample sit a little above the 10kb marker ladder.

The gel pictures confirm DNA yield from patient’s and normal control sample.




[bookmark: _Toc262188870]3. 1. B. Spectrophotometric analysis & DNA quantification

Spectrophotometric analysis of wild type and patient’s genomic DNA at 1 in 20 dilutions, was carried out at 260nm, 280nm and 320nm as per DNA Genotek30 guidelines.

[bookmark: _Toc262189010]Table 12: Calculation of DNA concentration in mutant (assumed) and wild type samples
	
	Mean
OD260
	Mean
OD280
	Mean
OD320
	Corrected
OD260
(OD260 - OD320)
	Corrected
OD280
(OD260 - OD320)
	DNA concentration in sample ng/µl or µg/ml

	Patient’s/
 Mutant
	
0.339
	
0.1953
	
0.045
	
0.294
	
0.1503
	
294

	Wild Type/
Normal*** 
	
0.483
	
0.250
	
0.0232
	
0.4598
	
0.2268
	
459.8



Normal*** ~ owing to the huge amount of DNA in the sample; it took 2 hours incubation at 50°C for DNA to dissolve.

Multiple readings were taken at each wavelength and mean values were calculated for each sample. 
The DNA purity ratio for patient’s genomic sample was calculated as Corrected OD260 / OD280 = 1.956. 
This purity ratio of 1.956 meant a good sample with some RNA contamination. 
The wild type DNA purity ratio was calculated to be = 2.03. This value confirms the gel picture result of RNA contamination. 

[bookmark: _Toc262188871]3. 1. C. Two% Agarose gel electrophoresis result pictures

This section contains captioned figures of the PCR products for each of the exon amplified. Gel pictures show PCR products from Patient’s (assumed as mutant) sample only, except for exon 35 and pseudo exon 35; where normal control was required to exclude any mutations. 

[image: ]
[bookmark: _Toc262188929]Figure 16: Two percent Agarose Gel Picture of RIMS1 exon 11 and 12 PCR products. The product band sizes 248bp and 225bp respectively, were as expected.

Nucleotide bands (figure 16) observed below the 100bp Marker are formed by accumulation of excess oligonucleotides143.


[image: ]
[bookmark: _Toc262188930]Figure 17: Expected band sizes visualised for exon 19, 24 and 36 PCR products at 210bp, 234bp and 300bp respectively.

Negative control contained PCR master mix and oligonucleotide primers only, so its band visible under UV light is situated far below the 100bp maker (figure 17). 




[image: ]
[bookmark: _Toc262188931]Figure 18 Expected band sizes visualised for exon 13, 15, 16, 18, 17 and 24 PCR products at 229bp, 209bp, 203bp, 235bp, 248bp and 234bp respectively.


[image: ]
[bookmark: _Toc262188932]Figure 19 Expected band sizes visualised for exon 14*, 22, 33 and 34 PCR products at 384bp, 208bp, 246bp and 212bp respectively. 
[14*: The R844H mutation was localised in hsRIMS1 exon 14 by Johnson et al, 2003)139 ]                    

PCR was repeated for exon 13, 17, 18 and 24 with internal primers.

[image: ]
[bookmark: _Toc262188933]Figure 20 Expected band sizes visualised for exon 13, 17, 18 and 24 Nested PCR products at 100bp, 150bp, 104bp and 100bp respectively.

The nested primers successfully amplified exon 13, 17, 18, and 24 (figure 20).







[bookmark: _Toc262188872]3. 2. Exon 26 & 35 Gel Pictures
The first set of exon 35 primers amplified three PCR products with patient’s DNA, electrophoresis was repeated but results were identical. Then PCR was repeated for exon 35 and annealing temperature was set at 50°C. The gel picture displayed three distinct bands again (figure 21).
[image: ]
[bookmark: _Toc262188934]Figure 21 Unexpected* three different band sizes seen with first set of exon 35 primers and patient’s DNA. 
*The expected PCR product size with first set of exon 35 was 288bp. The second fragment from top seemed to be equal to the expected size, and was excised.

Wild type genomic DNA was extracted and amplified using first set of exon 35 primers. 
These results raised the following questions:
· Were the primers at fault?
· Why would the primers produce three different PCR products?
· Is it caused by certain mutation in the patient’s genome or does it occur in people not suffering from cone rod dystrophy?

Most of these questions were answered later on as detailed in following sections.
Normal control sample was also amplified using the same primers.
[image: ]
[bookmark: _Toc262188935]   Figure 22 Gel Picture of Normal and Mutant exon 35 PCR products.

Some contamination can be observed in the above picture (figure 22).
Marked difference was observed in PCR product band sizes. The disparity in results could have been caused by incorrect sample loading, gel tank disturbance or contamination. 2% agarose gel electrophoresis was repeated and sterile conical flask was used.



[image: ]
[bookmark: _Toc262188936]Figure 23 Repeat electrophoresis gel picture of Normal and Mutant exon 35 PCR products.

Second attempt excluded disparity in band sizes (figure 23). The 2nd PCR product fragment was extracted [from the top], as it was nearer to the expected product size of 288bp. 
New primers were designed and for simplicity sake were labelled as 35.2 primers. After arrival of new primers, PCR was set up with normal control (wild type) and patient’s DNA.




[image: ]
[bookmark: _Toc262188937]Figure 24 Expected band sizes visualised for exon 35* (Mutant & wild type) and 26 products at 215bp and 210bp respectively.
[Exon 35* PCR with 2nd set of primers]

The 2nd set of exon 35 primers produced a single band for both mutant and control samples.
The PCR products were excised and extracted from gel followed by Spectrophotometric quantification. 








[bookmark: _Toc262188873]3. 3. A. PCR Product concentration & Dilution calculation results
PCR product concentrations were quantified spectrophotometrically, using distilled water as blank since they were eluted with Nuclease free water.  Multiple OD readings were taken at 260nm and 280nm for each product and then the means were calculated (section 2.1.D.).

[bookmark: _Toc262189011]Table 13 PCR product Spectrophotometric readings, DNA concentrations and Purity ratios.
	PCR product
[Exon #]
↓

	Mean
OD260
	Mean
OD280
	DNA concentration in sample [ng/µl]
	
DNA Purity Ratios

	11
	0.1263
	0.1086
	126.3
	1.16

	12
	0.1075
	0.0703
	107
	1.53

	13
	0.141
	0.1240
	141
	1.14

	14
	0.0822
	0.0516
	82.2
	1.59

	15
	0.1023
	0.0732
	102.3
	1.39

	16
	0.1823
	0.0762
	182.3
	2.39

	17
	0.1205
	0.1130
	120.5
	1.06

	18
	0.1813
	0.0785
	181.3
	2.3

	19
	0.075
	0.049
	75
	1.53

	22
	0.110
	0.0722
	110
	1.52

	24
	0.0865
	0.0680
	86.5
	1.27

	26
	0.0290
	0.0190
	29
	1.53

	32
	0.1103
	0.078
	110.3
	1.4

	33
	0.0702
	0.038
	70.17
	1.85

	34
	0.1278
	0.083
	127.83
	1.54

	35.1*
	0.2347
	0.1177
	234.7
	1.99

	35.2**
	0.0373
	0.027
	37.3
	1.38

	N35.1***
	0.2407
	0.1183
	240.7
	2.04

	N35.2****
	0.236
	0.1133
	236
	2.09

	36
	0.1758
	0.0857
	175.83
	2.05








 







35.1*= Patient’s with 1st primer set; 35.2**= Patient’s with 2nd primer set
N35.1***= Normal with 1st primer set; N35.2****= Normal with 2nd primer set.

[bookmark: _Toc205702421]
Purity ratios below 1.8 indicate protein contamination; whereas higher ratios are indicative of RNA contamination (Sambrook and Russell, 2001)

[bookmark: _Toc262189012]Table 14 Spectrophotometric readings, DNA concentrations and Purity ratios for the Nested PCR products of exon 13, 17, 18 and 24
	Nested
PCR product
[Exon #]
↓
	Mean
OD260
	Mean
OD280
	DNA concentration in sample [ng/µl]
	
DNA Purity Ratios

	13
	0.0473
	0.0237
	47.3
	1.99

	17
	0.0593
	0.0293
	59.3
	2.024

	18
	0.056
	0.0277
	56
	2.022

	24
	0.0577
	0.032
	57.7
	1.803













The dilutions were calculated for each PCR product using the method detailed previously. 
PCR products were diluted to make 20ng / 30µl concentration for sequencing reactions. 
For nested PCR Products of exon 13, 17, 18, 19 and 24, 6ng / 30µl concentrations were made; as the product sizes was less than 200bp.
For all dilution volumes, values were rounded off to the nearest integer.



[bookmark: _Toc262189013]Table 15: PCR product and sterile water volume required for making a 20ng/30µl concentrated sequencing reaction mix

	PCR product
[Exon #]
↓
	DNA
concentration
in sample
[ng/µl]
	Volume
required
from stock
[µl]
	Volume
Of sterile
Water
Added [µl]

	11
	126.3
	4.8
	25.2

	12
	107
	5.6
	24.4

	13
	141
	4.3
	25.7

	14
	82.2
	7.3
	22.7

	15
	102.3
	5.9
	24.1

	16
	182.3
	3.3
	26.7

	17
	120.5
	5
	25

	18
	181.3
	3.3
	26.7

	19
	75
	8
	22

	22
	110
	5.5
	24.5

	24
	86.5
	6.9
	23.1

	26
	29
	20.7
	9.3

	32
	110.3
	5.4
	24.6

	33
	70.17
	8.6
	21.4

	34
	127.83
	4.7
	25.3

	35.1
	234.7
	2.6
	27.4

	35.2
	37.3
	16.1
	13.9

	N35.1
	240.7
	2.5
	27.5

	N35.2
	236
	2.5
	27.5

	36
	175.83
	3.4
	26.6











For sequencing of exon 13, 17, 18 and 24 nested PCR Products, 6ng/30µl dilutions were prepared (table 16). 

[bookmark: _Toc262189014]Table 16: Nested PCR product and sterile water volume required for making a 6ng/30µl concentrated sequencing reaction mix

	Nested
PCR product
[Exon #]
↓
	DNA
concentration
in sample
[ng/µl]
	Volume
required
from stock
[µl]
	Volume
Of sterile
Water
Added [µl]

	13
	47.3
	0.7
	29.3

	17
	59.3
	0.8
	29.2

	18
	56
	0.7
	29.3

	24
	57.7
	0.5
	29.5






After labelling and completing order forms, the sample were dispatched for sequencing and results were accessed online136.












[bookmark: _Toc262188874]3. 4. A. hsRIMS1 sequencing results


Mutations in the beginning or end of a trace are considered as artefacts; as in these areas geneticist cannot be 100% confident of the sequence reaction. The artefacts are produced by various mechanisms in the sequencing process and are not produced by mutations57.


[bookmark: _Toc262188875]Exon 14

Since the R844H mutation caused by SNP139occurs in RIMS1 exon 14, it was screened at first.  The patient did not have the pathological mutation (figure 25 & 26).

No pathological mutations were identified, sequencing chromatograms and sequence alignments are displayed on the following pages with discussion.

[image: ]
[bookmark: _Toc262188938]Figure 25 Forward [5’] and Reverse [3’] Sequence traces of RIMS1 exon 14 from the patient’s genome. The pathogenic base pair change from Guanine to Adenine139 was not identified in patient’s genome.

Sequence alignment with wild type exons are displayed on the following pages.


1
		



14f/1-213  : AACATACTTATTTTTC{AG[TGATAAAAGTAAAAGGAGGACCAAAACAGTAAAGAAAATACTAGAACCAAAATGGAATCAAACTTTTGTCTATTCACATGTACATCGTA : 107
14rc/1-213 : AACATACTTATTTTTC{AG[TGATAAAAGTAAAAGGAGGACCAAAACAGTAAAGAAAATACTAGAACCAAAATGGAATCAAACTTTTGTCTATTCACATGTACATCGTA : 107
14wt/1-213 : AACATACTTATTTTTC{AG[TGATAAAAGTAAAAGGAGGACCAAAACAGTAAAGAAAATACTAGAACCAAAATGGAATCAAACTTTTGTCTATTCACATGTACATCGTA : 107
                  

14f/1-213  : GAGATTTTAGAGAACGAATGTTAGAAATAACTGTGTGGGACCAACCAAGAGTGCAAGAAGAAGAAAGTGAATTTCTTGGAGAG]GT}GATGTATATTTTAAAAACTCA : 213
14rc/1-213 : GAGATTTTAGAGAACGAATGTTAGAAATAACTGTGTGGGACCAACCAAGAGTGCAAGAAGAAGAAAGTGAATTTCTTGGAGAG]GT}GATGTATATTTTAAAAACTCA : 213
14wt/1-213 : GAGATTTTAGAGAACGAATGTTAGAAATAACTGTGTGGGACCAACCAAGAGTGCAAGAAGAAGAAAGTGAATTTCTTGGAGAG]GT}GATGTATATTTTAAAAACTCA : 213  


             
KEY:
{/} = splice donor / acceptor sites
[] = exon
Exon rc: 3’ - 5’reverse complimented
Exon f: forward
Exon wt: wild type


[bookmark: _Toc262188939]Figure 26: Multiple sequence alignment of patient’s RIMS1 exon 14 forward and reverse strands with wild type sequence. 

All 3’ — 5’ traces were reverse complimented prior to further manipulation.

[image: ]
[bookmark: _Toc262188940]Figure 27 Forward [5’] and Reverse [3’] Sequence traces of RIMS1 exon 11 from patient’s genome.








[bookmark: _Toc262188876]Exon 11



11rc/1-131 : TAATGGGATTTTCACCATATCCTGTTTCTTTT{AG[TGACATTCCCCGGATTCCTGAGAGCTCCCACCCTCCACTGGAGTCCA]GT}GAGTATAAGGTTTCTTTGTTATTA : 107
11wt/1-183 : TAATGGGATTTTCACCATATCCTGTTTCTTTT{AG[TGACATTCCCCGGATTCCTGAGAGCTCCCACCCTCCACTGGAGTCCA]GT}GAGTATAAGGTTTCTTTGTTATTA : 107
11f/1-179  : ~~~~GCGATTTTCACCATATCCTGTTTCTTTT{AG[TGACATTCCCCGGATTCCTGAGAGCTCCCACCCTCCACTGGAGTCCA]GT}GAGTATAAGGTTTCTTTGTTATTA : 103
                 
                                                                                               
KEY:
{/} = splice donor / acceptor sites
[] = exon
Exon rc: 3’ - 5’reverse complimented
Exon f: forward
Exon wt: wild type

[bookmark: _Toc262188941]   Figure 28: Multiple sequence alignment of patient’s RIMS1 exon 11 forward and reverse strands with wild type sequence.





[bookmark: _Toc262188877]Exon 12


12f/1-208  : TCCGAAAATATATAATTTTTCTTGATTTTACTTTTATCTATTTCAAATCTTCCATTTCTTTACCCTTTCAATATTCTAATCAATTACTTCTTTTTTTCTATTT{AG[GT : 107
12rc/1-186 :    ACAAATAAAGGATGC------ATTTAACATTT---TATTAAAAATATTTC------CTACACTTACAA-AT----ATTACTTACTTTTTTTTCTCATTTT{AG[GT :  84
12wt/1-189 : TATACAAATAAAGGATGC------ATTTAACATTT---TATTAAAAATATTTC------CTACACTTACAA-AT----ATTACTTACTTTTTTTTCTCATTTT{AG[GT :  87


12f/1-208  : T-AAGTTCCTTTGAATCTCAGAAGATGGAAAGGCCTTCCATTTCT]GT}TATTTCTCCAACAAGTCCTGGAGCTCTAAAAGATGCCCCACAAGTCTTACCAGGG : 208
12rc/1-186 : TCAAGTTCCTTTGAATCTCAGAAGATGGAAAGGCCTTCCATTTCT]GT}TATTTCTCCAACAAGTCCTGGAGCTCTAAAAGATGCCCCACAAGTCTTACCAGGG : 186
12wt/1-189 : TCAAGTTCCTTTGAATCTCAGAAGATGGAAAGGCCTTCCATTTCT]GT}TATTTCTCCAACAAGTCCTGGAGCTCTAAAAGATGCCCCACAAGTCTTACCAGGG : 189           

KEY:
{/} = splice donor / acceptor sites
[] = exon
Exon rc: 3’ - 5’reverse complimented
Exon f: forward
Exon wt: wild type

[bookmark: _Toc262188942]   Figure 29: Multiple sequence Alignment for mutant and wild type exon 12. In the forward strand, a cytosine deletion is highlighted in yellow. The sequence chromatogram (figure 41) was analysed an uncalled cytosine was identified.







[bookmark: _Toc262188878]Exon 15



15f/1-169  :  CTTACCCTA--------------AAATTTGGAAGAAGCGCTTTTAGATGATGAACCGCATTGGTATAAACTTCAGACACATGATGAGTCTTCACTACCTCTGCCTCAGCC :  96
15rc/1-161 :  ATTACCCTCTC{AG[ATCCTCATAGAATTGGAGAGAGCGCTTTTAGATGATGAACCGCATTGGTATAAACTTCAGACACATGATGAGTCTTCACTACCTCTGCCTCAGCC : 108
15wt/1-180 :  ~TTACCCTCTC{AG[ATCCTCATAGAATTGGAGACAGCGCTTTTAGATGATGAACCGCATTGGTATAAACTTCAGACACATGATGAGTCTTCACTACCTCTGCCTCAGCC : 107

                
15f/1-169  :  ATCACCTTTCATGCCAAGGCGACATATTCATGGAGAAAGCTCTAGCAAAAAGCTACAAA]GT}AGGTTAAGGTCC : 169
15rc/1-161 :  ATCACCTTTCATGCCAAGGCGACATATTCATG--AGAAGCTC-AGCAAAAAGCTAC~~~~~~~~~~~~~~~~~~~ : 161
15wt/1-180 :  ATCACCTTTCATGCCAAGGCGACATATTCATGGAGAAAGCTCTAGCAAAAAGCTACAAA]GT}AGGTTAAGGTCC : 180


KEY:
{/} = splice donor / acceptor sites
[] = exon
Exon rc: 3’ - 5’reverse complimented
Exon f: forward
Exon wt: wild type
[bookmark: _Toc262188943]  Figure 30: Multiple sequence Alignment for mutant strands and wild type exon 15. The mutations highlighted were identified as sequencing artefacts.




[bookmark: _Toc262188879]Exon 16


16f/1-150  : CCATTTC------------------------------CTTTTCCTTACTGTTGTGCAGGATCTCAGCGAATCAGTGATAGTGACATCTCAGATTATGAGGTTGATGATGGT :  81
16rc/1-174 :  TCGTTTCATAAACCAACC{AG[ACACAGAAGTATCTCTTTGCCTTACTGTTGTGCAGGATCTCAGCGAATCAGTGATAGTGACATCTCAGATTATGAGGTTGATGATGGT : 108
16wt/1-177 :  ACGTTTCATAAACCAACC{AG[ACACAGAAGTATCTCTTTGCCTTACTGTTGTGCAGGATCTCAGCGAATCAGTGATAGTGACATCTCAGATTATGAGGTTGATGATGGT : 108

              
                                                                                        
16f/1-150  : ATTGGCGTAGTTCCTCCAG]GT}GCGTGGGTGAGGAGCATGACCCTGCTTCACTGTGCTGCTTTGCTTGTT : 150
16rc/1-174 : ATTGGCGTAGTTCCTCCAG]GT}GCGTGGGTGAGGAGCATGACCCTGCTGCACTGTGCTCTTTT--TTGC~ : 174
16wt/1-177 : ATTGGCGTAGTTCCTCCAG]GT}GCGTGGGTGAGGAGCATGACCCTGCTTCACTGTGCTGCTTTGCTTGTT : 177


KEY:
{/} = splice donor / acceptor sites
[] = exon
Exon rc: 3’ - 5’reverse complimented
Exon f: forward
Exon wt: wild type

[bookmark: _Toc262188944]  Figure 31: Multiple sequence Alignment for mutant strands and wild type exon 16. Thymine substitution (yellow) was identified as sequencing error.

Chromatogram analysis identified the C to T change (forward strand) as a sequencing error (figure 43).


[bookmark: _Toc262188880]Exon 19


19f/1-166  : GCCTTGGGTTCCTTGTA-GC{AG[TGAGCTTCTTATGCTGCCCAGAGCAAAACGAGGACGAAGTGCAGAATGCCTACATACTACCAGGTAAATACAGGGATTTGGTAATG : 107
19rc/1-140 : ACCACCCATCCTGTCTGTGC{AG[TGAGCTTCTTATGCTGCCCAGAGCAAAACGAGGACGAAGTGCAGAATGCCTACATACTACCAGGTAAATACAGGGATTTGGTAATG : 108
19wt/1-167 : ACCACCCATCCTGTCTGTGC{AG[TGAGCTTCTTATGCTGCCCAGAGCAAAACGAGGACGAAGTGCAGAATGCCTACATACTACCAGGTAAATACAGGGATTTGGTAATG : 108
             ACCACCCATCCTGTCTGTGC{AG[TGAGCTTCTTATGCTGCCCAGAGCAAAACGAGGACGAAGTGCAGAATGCCTACATACTACCAGGTAAATACAGGGATTTGGTAATG      

                                                                              
19f/1-166  : GTGACTGTGTGTGATGACTCTCTTTCCATTCTATTATTCTTCCGTCTCTCCCTTAGTGG : 166
19rc/1-140 : GTGACTGTGTGTGATGACTCTCTTCCAACTTT~~~~~~~~~~~~~~~~~~~~~~~~~~~ : 140
19wt/1-167 : GTGACTGTGTGTGATGACTCTCTTTCCATTCTATTATTCTTCCGTCTCTCCCTTAGTGG : 167
             GTGACTGTGTGTGATGACTCTCTTTCCATTCTATTATTCTTCCGTCTCTCCCTTAGTGG      

KEY:
{/} = splice donor / acceptor sites
[] = exon
Exon rc: 3’ - 5’reverse complimented
Exon f: forward
Exon wt: wild type
Blue Highlights show RIMS1 coding region of exon 19.


[bookmark: _Toc262188945]Figure 32: Multiple sequence Alignment for mutant strands and wild type exon 19. The region highlighted in blue is the open reading frame.







[bookmark: _Toc262188881]Exon 32



32rc/1-170 : CTCTCTCCTGTC{AG[AGTCGGGCCACAAAAAGTTAAAAAGTACCATCCAGAGAAGCACAGAAACAGGCATGGCAGCTGAAATGAGAAAGATGGTAAGGCAGCCGAGCC : 107
32f /1-156 : ~~~~~~~~~~~~~~~~~~~~AGTTTAAAAAAAGT------TACCATTCCAGAGAAGCACAGAAACAGGCATGGCAGCTGAAATGAGAAAGATGGTAAGGCAGCCGAGCC :  83
32wt/1-180 : CTCTCTCCTGTC{AG[AGTCGGGCCACAAAAAGTTAAAAAGTACCATCCAGAGAAGCACAGAAACAGGCATGGCAGCTGAAATGAGAAAGATGGTAAGGCAGCCGAGCC : 107
             
                                                                                            

32rc/1-170 : GAGAGTCTACTGATGGCAGCATCAACAGTTACAGCTCTGAGGCCAA]GT}AAAGGGTTCC----CCCCT~~~~~~ : 170
32f /1-156 : GAGAGTCTACTGATGGCAGCATCAACAGTTACAGCTCTGAGGGCAA]GT}AAGTGCTGTCAGCACGTCTGCATGG : 156
32wt/1-180 : GAGAGTCTACTGATGGCAGCATCAACAGTTACAGCTCTGAGGGCAA]GT}AAGTGCTGTCAGCACGTCTGCATGG : 180
             KEY:
{/} = splice donor / acceptor sites
[] = exon
Exon rc: 3’ - 5’reverse complimented
Exon f: forward
Exon wt: wild type

[bookmark: _Toc262188946] Figure 33: Multiple sequence Alignment for mutant strands and wild type exon 32. Thymine substitution (yellow) was identified as sequencing error.

Chromatogram (figure 45) analysis identified thymine substitution as sequencing or polymerase error57.



[bookmark: _Toc262188882]Patient’s Exon 35 (amplified using first set of primers)


35.1F/1-23 : ~~~ACCTAATTTCTCAAAAGGGAAATCTCTAATTAAAAAAATAGTTGAATTTAAGGAATAATTTCTTATATGTTAATATACCTTTGTTT{AG[CTCCATATGTCAAAGT : 104
35.1rc/1-2 : CATCTCTAATTCTCTAATAGGGAATTCTCTAATTAAAAAAATAGTTGAATTTAAGGAATAATTTCTTATATGTTAATATACCTTTGTTT{AG[CTCCATATGTCAAAGT : 107
35wt/1-240 : CATCTCTAATTCTCTAATAGGGAATTCTCTAATTAAAAAAATAGTTGAATTTAAGGAATAATTTCTTATATGTTAATATACCTTTGTTT{AG[CTCCATATGTCAAAGT : 107
            

35.1F/1-23 : ATATCTTTTGGAAAATGGGGCCTGTATAGCCAAGAAGAAGACAAGAATTGCACGAAAAACCCTTGATCCTTTGTATCAGCAGTCTCTGGTTTTTGATGAAAGTCCAC : 211
35.1rc/1-2 : ATATCTTTTGGAAAATGGGGCCTGTATAGCCAAGAAGAAGACAAGAATTGCACGAAAAACCCTTGATCCTTTGTATCAGCAGTCTCTGGTTTTTGATGAAAGTCCAC : 214
35wt/1-240 : ATATCTTTTGGAAAATGGGGCCTGTATAGCCAAGAAGAAGACAAGAATTGCACGAAAAACCCTTGATCCTTTGTATCAGCAGTCTCTGGTTTTTGATGAAAGTCCAC : 214
               
                                              
                
35.1F/1-23 : AGGGTAAAGTTCTT-CAG]GT}CAGTAAT : 237
35.1rc/1-2 : AGGGTAAAGTTTTTCCAG]GT}TCCCG~~ : 239
35wt/1-240 : AGGGTAAAGTTCTT-CAG]GT}CAGTAAT : 240


KEY:
{/} = splice donor / acceptor sites
[] = exon
Exon rc: 3’ - 5’reverse complimented
Exon f: forward
Exon wt: wild type

[bookmark: _Toc262188947]Figure 34: Patient’s exon 35 multiple sequence alignment with wild type exon 35. The single nucleotide changes in the beginning of forward strand and at the end of reverse strand, lie in regions of poor sequence quality; so these were ignored.


[bookmark: _Toc262188883]Normal control Exon 35 (amplified using first set of primers)


N35.1RC/1- : ATACCTTTGTTT{AG[CTCCATATGTCAAAGTATATCTTTTGGAAAATGGGGCCTGTATAGCCAAGAAGAAGACAAGAATTGCACGAAAAACCCTTGATCCTTTGTATC : 214
N35.1F/1-2 : ATACCTTTGTTT{AG[CTCCATATGTCAAAGTATATCTTTTGGAAAATGGGGCCTGTATAGCCAAGAAGAAGACAAGAATTGCACGAAAAACCCTTGATCCTTTGTATC : 177
35WT/1-240 : ATACCTTTGTTT{AG[CTCCATATGTCAAAGTATATCTTTTGGAAAATGGGGCCTGTATAGCCAAGAAGAAGACAAGAATTGCACGAAAAACCCTTGATCCTTTGTATC : 184
                                                                                                                  
N35.1RC/1- : AGCCAGTTC------------------------------TTCCTTGGG~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ : 232
N35.1F/1-2 : AGCAGTCTCTGGTTTTTGATGAAAGTCCACAGGGTAAAGTTCTTCAG]GT}CAGTAATAGTTTGTTTGGCTTTTTACATTGAAAA : 260
35WT/1-240 : AGCAGTCTCTGGTTTTTGATGAAAGTCCACAGGGTAAAGTTCTTCAG]GT}CAGTAAT~~~~~~~~~~~~~~~~~~~~~~~~~~~ : 240
             
KEY:	
{/} = splice donor / acceptor sites
[] = exon
Exon rc: 3’ - 5’reverse complimented
Exon f: forward
Exon wt: wild type

[bookmark: _Toc262188948]Figure 35: Normal Exon 35 multiple sequence alignment with wild type exon 35. The single nucleotide changes at the end of reverse strand, lie in regions of poor sequence quality; where the reaction was dying off, and these mutations were identified as sequencing errors/artefacts. 






[bookmark: _Toc262188884]Normal control Pseudoexon 35 (amplified using second set of primers)
35wt/1-240 : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~CATCTCTAATTCTCTAATAGGGAATTCTCTAATT--------------------------------------- :  34
N35.2F/1   : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~: 
N35.2rc/1- : GAAATTTTTACCACCAAGTTTGGTTGGCCAGCCTTTCCTATTCCCCTTGGTGGGAACCTGCTTTTTCCCGATTGTGGTTCCTGAATTTTCCCTGACCCCACAAAA : 105
   
35wt/1-240 : -----------------------------------------------------------------------AAAAAAATAGTTGAATTTAA-------------- :  54
N35.2F/1-2 : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :   
N35.2rc/1- : TGTTTTTGGAATTTTTTGAGCAACCCCCTGGGAGGGGAGAACAAAACTTCACGAAAATGCCCAAGTTACCGAAGGAAAATGCTGTGCTTAAGACAAGGGGCACAA : 210
                                                                                                                                              
35wt/1-240 : -------------------GGAATAATTTCT------------------------------------------------TATATGTTAATATACCTTTGTTT{AG[C :  92
N35.2F/1-2 : ~~~~~~~~~~~~~~~~~~~GGGGAAAAGTTA--------------------------------------------------------------------------   :  12
N35.2rc/1- : GGTCTCTTGCTTTTGAAACGGGGGAATGTCAGCGGGATGAGGGGGCCCGGACAAAACAAAAACGCGAAGAGAAAGCGAATATGAGCGAAGGGGACGAGGCCT{AG[C : 315

                                                                                                                                                          
35wt/1-240 : ------------------------TCCA------------------------------------------------------------------TATGTCAAAGT : 107
N35.2F/1-2 : ------------------------TCCACCA---------------------------------------------------------------------AAATT :  24
N35.2rc/1- : GAGAATCGAATCAGGAAGATGGGTTTCACCACCAACTCTGCTTGTGTAAAACAGGTGAATGAGTTCAGTTGAGAACCTTTACAGACGACTGAAGTATTAGAAAAT : 420
                                                                                                                                                            
35wt/1-240 : ATATCTTT------TGGAAAATGG--GGCCTGT---------ATAGCCA--AGAAGAAGACAAGAATTGCACGAAAAACCCTTGATCCTTTGTATCAGCAG---- : 189
N35.2F/1-2 : AGAACCTGGGAGTATGTGAAATGGAAGGCTTGTCTGACACTAGTAGCCAATAGAAGTTGACCTAGATTGT---GGTAATTTTTAATGATCTAATTGAAATATTAA : 126
N35.2rc/1- : AGAACCTGGGAGTATGTGAAATGGAAGGCTTGTCTGACACTAGTAGCCAATAGAAGTTGACCTAGATTGC---GGTAATTTTAAATGATCTAATTTAAAAA---- : 518
                                                                                                                                                      
35wt/1-240 : -------------------------------TCTCTGGTTTTTGATGAAAGTC----------------CACAGGGTAAAGTTCTTCAG]GT}CAGTAAT~~~~~~ : 240
N35.2F/1-2 : TCATCTAAATCAAAATTGGCAGGCAAGAAGTTTCTTTACCTTTCAATGGGTCCCTTATCCCAGAATCAAGTAGTAAGAAAGGGTCGCCAG]GACGATATTCAACTG : 231
N35.2rc/1- : -----------------------------------------------------------------------------------------------------AACTT : 523

KEY:	
{/} = splice donor / acceptor sites
[] = exon
Exon rc: 3’ - 5’reverse complimented
Exon f: forward
  Exon wt: wild type      
[bookmark: _Toc262188949]                                                                                                              
   Figure 36: Pseudoexon 35 (normal) multiple sequence alignment with exon 35. The sequencing reaction did not work well, but regions of homology can still be identified between wt exon 35 and the pseudoexon.

[bookmark: _Toc262188885]Patient’s pseudoexon 35 (amplified using second set of primers)


35.2f/1-245  : AACTTTACAGACGACTGAAGTATTAGAAAAT{AG[AACCT-------------GGGAGTATGTGAAATGGAAGGCTTGTCTGACACTAGTAGCCAATAGAAGTTGACCTA   :  95
35.2rc/1-245 : CCTGTCACATACA-CCCAGGTTCTATTTTCT{AA[TTCATCAAAAGTACGCAAAGGTTCACGTCAAA-GCAATTCTTGCCTGCCA--------------ATTTTGATTTA   :  92
35wt/1-180   : ~ATTTCTTATATG-TTAATATACCTTTGTTT{AG[CTCCA------------------TATGTCAAA-GTATATCTT--TTGGAA--------------AATGGGGCCTG   :  71

                   
35.2f/1-245  : GATTGTGGTAATTTTTAATGATCTAATTGAAATATTAATCATCTAAATCAAAATTGGCAGGCAAGAATTGCTTTGACGTGAACCTTTGCGTACTTTTGATGAATTAGA : 203
35.2rc/1-245 : GATGATTAATATTTCAATTAGATCATTAAAAATTACCACAATCTAGGTCAACTTCTATTGGCTACTAGTGT----CAGACAAGCCTTCCATTTCACATAC-------- : 188
35wt/1-180   : TAT-----------------AGCCAAGAAGAA---------------------------GACAAGAATTGC----ACGAAAAACCCTTGATCCTTTGTAT-------- : 123
             
35.2f/1-245  : AAATAGAACCTGGGTGTATGTG-------ACAG------GTAACGTT-------TGGCTTAT : 245
35.2rc/1-245 : TCCCAGGTTCTATTTTCTAATA-----CTTCAGTCGTCTGTAAAGTTCTCCAACTAACTCCT : 245
35wt/1-180   : CAGCAGTCTCTGGTTTTTGATGAAAGTCCACAG-----GGTAAAGTTCTTCAGGTCAGTAAT : 180


KEY:
{/} = splice donor / acceptor sites
[] = exon
rc: reverse complimented
f: forward
wt: wild type


[bookmark: _Toc262188950]    Figure 37: Patient’s Pseudoexon 35 sequence alignment with wt exon 35. Homologous sequences can be identified between wt exon 35 and the pseudoexon. The sequencing reaction worked well and greater level of homology can be observed in patient’s sample.



[bookmark: _Toc262188886]Exon 13, 17, 18 and 24:

The sequencing reaction did not work for exon 13, 17, 18 and 24. PCR had to be repeated twice with the first set of primers. Finally internal (nested) primers were designed for these exons, using the PCR product from first primer set as template. Sequencing reaction worked with nested primers. 
However, no pathogenic mutation was identified in any on the exons.
[image: ]
[bookmark: _Toc262188951]Figure 38: Forward [5’] and Reverse [3’] Sequence traces of RIMS1 exon 13 from the patient’s genome. 
[image: ]
[bookmark: _Toc262188952]Figure 39: Forward [5’] and Reverse [3’] Sequence traces of patient’s RIMS1 exon 17.



A significant amount of back ground fluorescence was detected in exon 17 sequence traces (figure 39). 
Back ground fluorescence and artefacts are a usual occurrence in the beginning or at the end of the sequences. These are often caused by sequencing or fluorescence errors. The traces show some background fluorescence but otherwise traces are smooth. With  nested primers were used, some bases at the terminal ends of the exon are often lost, as primers bind to the sequence in 5’ – 3’ / 3’ – 5’ orientation (Thornley, 1997)57
Background sequencing or fluorescence can usually result from contamination or fluorescent impurities (Thornley, 1997) 57. 

[image: ]
[bookmark: _Toc262188953]Figure 40: Chromatograms for mutant exon 18 forward (18F) and reverse (18R) strands.



[bookmark: _Toc262188887]Sequence chromatograms for RIMS1 exon 12, 15, 16, 19, 22, 26, 32, 33, 34, and 36
[image: ]
[bookmark: _Toc262188954]Figure 41: sequence traces illustrating the uncalled Cytosine area in exon 12 forward and reverse complimented (figure 29)

[image: ]
[bookmark: _Toc262188955]Figure 42: Exon 15 forward and reverse compliment strand traces showing areas of low confidence and artefacts giving rise to false changes.

The deletions and point mutation highlighted in forward and reverse complimented strands (figure 34) were found in the beginning/end of trace.  Moreover they are not present in both strands. Polymerase errors occur frequently at the beginning or end of sequencing reaction, and chromatogram analysis is a must for result analysis57.

[image: ]
[bookmark: _Toc262188956]Figure 43: Exon 16 forward strand trace illustrates the aberrant sequence in the beginning.



[image: ]
[bookmark: _Toc262188957]Figure 44: Forward & reverse Chromatograms for mutant exon 19 Sequencing reaction. A lot of background fluorescence observable in the forward trace.

[image: ]
[bookmark: _Toc262188958]Figure 45: Exon 32 forward strand trace illustrates Thymine insertion as polymerase error at the beginning of sequence.










[bookmark: _Toc262188888]3. 5. Exon 35 & Pseudoexon 35 Sequencing 

The sequence alignments for patient’s and normal control are displayed in figures 34, 35, 36 and 37. The first set of primers was labelled as 35.1F/R for identity.
The middle fragment of exon 35 PCR products was sent for sequencing and it worked (section 3.2). The sequencing results did not indicate any mutation in patient’s exon 35, instead the results helped in discovery of pseudoexon 35. 
Exon 35 was also amplified using a normal / wild type DNA and the first set of oligonucleotide primers. At this point, it was expected that only one PCR product band will be visualised. However, three product fragments were obtained and excised for purification, followed by sequencing of the middle fragment.
Need for further study was felt as three fragments could not be explained on the basis of above alignment. 
Sequences obtained (With the second set of primers) from patients and normal PCR product displayed unusual results.

[image: ]
[bookmark: _Toc262188959]Figure 46: Forward & reverse Chromatograms for patient’s exon 35 Sequencing reaction. Both traces show presence of background fluorescence.

 
[image: ]
[bookmark: _Toc262188960]Figure 47: Normal Exon 35 forward & reverse [reverse complimented] strand traces. Background fluorescence observed in both.




Since the reason for three PCR products could not be explained. It was decided to retrieve BLASTN results for the first set of exon 35 oligonucleotide primers from ENSEMBL. 

Query location     : 35.1F       1 to       23 (+)
Database location  : 6       73108544 to 73108566 (+)
Genomic location   : 6       73108544 to 73108566 (+)
Alignment score    : 23
E-value            : 0.00026
Alignment length   : 23
Percentage identity: 100.00Top of Form

THIS STYLE: Location of selected alignment
  THIS STYLE: Location of other alignments
  THIS STYLE: Location of Exons
>chromosome:GRCh37:6:73108244:73108866:1
TGTTAGGAAGTATGTTATAATATTTTTTTTAAAGTTTAGTTATGGTCGTTTCTTAGCTTG
TGTCAATTATTTTCTTTTTGCACACTTAGAAAGGCAAAAGAAAAAAAGAATATAGTTCTA
ATCATAAAAAGGTAACAATGAGCTTTAAGATATAAACCTGCATTGTAACCCAAGTAAGTC
AAAGTCTTCAAATAACTTTGTATACATTGAGTCAAAATGAGGAAAATGGCAGTAATGGTA
ACATATAGATTTAAGGAACAGAATTTATGGAGCAATGGAAATTTTAAGTAATTTAAACAG
TCAATGGGAAACTTTCAGTAAGCATCTCTAATTCTCTAATAGGGAATTCTCTAATTAAAA
AAATAGTTGAATTTAAGGAATAATTTCTTATATGTTAATATACCTTTGTTTAGCTCCATA
TGTCAAAGTATATCTTTTGGAAAATGGGGCCTGTATAGCCAAGAAGAAGACAAGAATTGC
ACGAAAAACCCTTGATCCTTTGTATCAGCAGTCTCTGGTTTTTGATGAAAGTCCACAGGG
TAAAGTTCTTCAGGTCAGTAATAGTTTGTTTGGCTTTTTACATTGAAATGTCTGTTTTAC
CCATACATCGAAGAGATGGTCAA

[image: ]
[bookmark: _Toc262188961]Figure 48: BLASTN results for exon 35 Forward Primer (1st set of primers). Sequence location and contig map mark the position of primer (red box) in the genome, in the region before exon 35. 

The results indicated (figure 46) 100% primer identity with the genomic region amplified. BLASTN results for the reverse primers were then retrieved from ENSEMBL, to see if anything unusual could be found.



Query location     : 35.1R        1 to       24 (-)
Database location  : 6     73108808 to 73108831 (+)
Genomic location   : 6     73108808 to 73108831 (+)
Alignment score    : 24
E-value            : 6.5e-05
Alignment length   : 24
Percentage identity: 100.00 
THIS STYLE: Location of selected alignment
THIS STYLE: Location of other alignments
THIS STYLE: Location of Exons
>chromosome:GRCh37:6:73108508:73109131:-1
GTGAGGACATATCTCTATCTATCTATTTATCATCTATCTATCTAGTGAGGAGTGAGGAGG
GCTGGGAACAGGGCAAAGCTAGAAGGAGAGGATAGAGAGAGAAAAGACAAGAAGAGAGAG
AGATAAAATAAAATTGTTCTCTATTAGACCCACCAAATATTTTTGATATTATATATTATT
TATATTATAAACTAACCATTTGAATTTTGTCTACTCAAGAATATTATCCTACATTTATCT
TTACCAAATTTTATTCTCTTTGTGTTTGACCATCTCTTCGATGTATGGGTAAAACAGACA
TTTCAATGTAAAAAGCCAAACAAACTATTACTGACCTGAAGAACTTTACCCTGTGGACTT
TCATCAAAAACCAGAGACTGCTGATACAAAGGATCAAGGGTTTTTCGTGCAATTCTTGTC
TTCTTCTTGGCTATACAGGCCCCATTTTCCAAAAGATATACTTTGACATATGGAGCTAAA
CAAAGGTATATTAACATATAAGAAATTATTCCTTAAATTCAACTATTTTTTTAATTAGAG
AATTCCCTATTAGAGAATTAGAGATGCTTACTGAAAGTTTCCCATTGACTGTTTAAATTA
CTTAAAATTTCCATTGCTCCATAA
[image: ]
[bookmark: _Toc262188962]Figure 49: BLASTN results for exon 35 Reverse Primer (1st set of primers). Sequence location and contig map mark the position of primer (red box) in the region at the end of exon 35. 


Exon 35 reverse primer also indicated 100% homology with RIMS1 exon 35. The results indicated (figure 49) 100% primer identity with the genomic region amplified. Therefore it was safely concluded that the problem did not lie with primers.
Second set of primers was designed to include the intronic region before and after exon 35. By an accidental omission of [ ] before and after exon 35, the second set of primers were directed to intronic  region between exon 35 and 36.
The second set of primers was labelled as 35.2F/R for identity.
New exon 35 oligonucleotide primers amplified the intronic region GRCh37 [genomic location chromosome 6: 73109444 to 73109653] between RIMS1 exon 35 and 36 (figure 50). This region doesn’t code for any protein in Homo sapiens. Based on homology to exon 35 and non-coding features it was aptly termed as pseudoexon 35. 

















Query location     : 35.2F        1 to       20 (+)
Database location  : 6     73109444 to 73109463 (+)
Genomic location   : 6     73109444 to 73109463 (+)

Alignment score    : 20
E-value            : 0.016
Alignment length   : 20
Percentage identity: 100.00 
THIS STYLE: Location of selected alignment
THIS STYLE: Location of other alignments
THIS STYLE: Location of Exons
>chromosome:GRCh37:6:73109144:73109763:1
TGATAGATAGATACAGATATAGCAAACAAAACAATGTTAATAATAGTTGGTTGAGCATTG
CTATATACCAAACATGGGGTACAAAGAGGAAGAGGGAGAGGAAAAGAGAAGTGTGCAGAC
ACCAGCAAATATTGAGCCCTGGTGGAGTACCAGATGCATTTCTAGGTGCTTATATACATT
ATTTAAATTTTGTAACTAACATGTGCAATAAGTATCATTATCCCCATTTTAAAGATTATG
TCTGAGATTCAAGAGGTAAAGTAATTTCACAAAATTACTCAGTAAATTTTAAAGACATGA
TTCACCACCAACTCTGCTTGTGTAAAACAGGTGAATGAGTTCAGTTGAGAACCTTTACAG
ACGACTGAAGTATTAGAAAATAGAACCTGGGAGTATGTGAAATGGAAGGCTTGTCTGACA
CTAGTAGCCAATAGAAGTTGACCTAGATTGTGGTAATTTTTAATGATCTAATTGAAATAT
TAATCATCTAAATCAAAATTGGCAGGCAAGTCCTCAAAAGGTACCAGCTCACAATTATTT
TTTGACCTACCCCTTCACTAAAAAGACCATAATACGAAAGAAATCAAATGAATACTCTCA
TTCTTTGTACATACTTTCTG

Query location     : 32.5R        1 to       20 (-)
Database location  : 6     73109634 to 73109653 (+)
Genomic location   : 6     73109634 to 73109653 (+)
Alignment score    : 20
E-value            : 0.016
Alignment length   : 20
Percentage identity: 100.00 
THIS STYLE: Location of selected alignment
THIS STYLE: Location of other alignments
THIS STYLE: Location of Exons
>chromosome:GRCh37:6:73109334:73109953:-1
TATTAGCTACATAAGCCATGTTAAAGAAATAAATACATAAGAGTATTTTTATATGAATGC
AACACCTTTCTTGTGTAACTACTATCTAATTAGCGATGTACAGGACCATAAAAATCTAAA
AATTAAAATTTGTGCAATTTAGGAGGGCAAGATGAGCAATCCAACTCAGTATACCATGGA
ATGTATGTACCAGAAAGTATGTACAAAGAATGAGAGTATTCATTTGATTTCTTTCGTATT
ATGGTCTTTTTAGTGAAGGGGTAGGTCAAAAAATAATTGTGAGCTGGTACCTTTTGAGGA
CTTGCCTGCCAATTTTGATTTAGATGATTAATATTTCAATTAGATCATTAAAAATTACCA
CAATCTAGGTCAACTTCTATTGGCTACTAGTGTCAGACAAGCCTTCCATTTCACATACTC
CCAGGTTCTATTTTCTAATACTTCAGTCGTCTGTAAAGGTTCTCAACTGAACTCATTCAC
CTGTTTTACACAAGCAGAGTTGGTGGTGAATCATGTCTTTAAAATTTACTGAGTAATTTT
GTGAAATTACTTTACCTCTTGAATCTCAGACATAATCTTTAAAATGGGGATAATGATACT
TATTGCACATGTTAGTTACA
Top of Form

[bookmark: _Toc262188963]Figure 50: BLASTN results for pseudoexon 35 forward and reverse oligonucleotides (2nd set of primers). 

Sequence alignment of pseudoexon35 displayed significant level of homology with exon 35 (figures 36 & 37).
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[bookmark: _Toc262188964]Figure 51: Patient’s Pseudoexon 35 forward & reverse [reverse complimented] chromatogram traces. 



[image: ]
[bookmark: _Toc262188965]Figure 52: Normal Pseudoexon 35 forward & reverse [reverse complimented] chromatogram trace. A significant amount of background fluorescence is observed in both traces.

BLASTN and BLASTP results were derived for normal and patient’s pseudoexon PCR product forward & reverse strands.
Query location     : N35.2F       20 to      153 (+)
Database location  : 6      73109520 to 73109653 (+)
Genomic location   : 6      73109520 to 73109653 (+)

Alignment score    : 132
E-value            : 2.4e-28
Alignment length   : 134
Percentage identity: 99.25 
THIS STYLE: Location of selected alignment
THIS STYLE: Location of other alignments
THIS STYLE: Location of Exons
>chromosome:GRCh37:6:73109220:73109953:1
GGGTACAAAGAGGAAGAGGGAGAGGAAAAGAGAAGTGTGCAGACACCAGCAAATATTGAG
CCCTGGTGGAGTACCAGATGCATTTCTAGGTGCTTATATACATTATTTAAATTTTGTAAC
TAACATGTGCAATAAGTATCATTATCCCCATTTTAAAGATTATGTCTGAGATTCAAGAGG
TAAAGTAATTTCACAAAATTACTCAGTAAATTTTAAAGACATGATTCACCACCAACTCTG
CTTGTGTAAAACAGGTGAATGAGTTCAGTTGAGAACCTTTACAGACGACTGAAGTATTAG
AAAATAGAACCTGGGAGTATGTGAAATGGAAGGCTTGTCTGACACTAGTAGCCAATAGAA
GTTGACCTAGATTGTGGTAATTTTTAATGATCTAATTGAAATATTAATCATCTAAATCAA
AATTGGCAGGCAAGTCCTCAAAAGGTACCAGCTCACAATTATTTTTTGACCTACCCCTTC
ACTAAAAAGACCATAATACGAAAGAAATCAAATGAATACTCTCATTCTTTGTACATACTT
TCTGGTACATACATTCCATGGTATACTGAGTTGGATTGCTCATCTTGCCCTCCTAAATTG
CACAAATTTTAATTTTTAGATTTTTATGGTCCTGTACATCGCTAATTAGATAGTAGTTAC
ACAAGAAAGGTGTTGCATTCATATAAAAATACTCTTATGTATTTATTTCTTTAACATGGC
TTATGTAGCTAATA
Query location     : N35.2rc      340 to      512 (+)
Database location  : 6       73109444 to 73109616 (+)
Genomic location   : 6       73109444 to 73109616 (+)
Alignment score    : 165
E-value            : 7.7e-78
Alignment length   : 173
Percentage identity: 98.84 
THIS STYLE: Location of selected alignment
THIS STYLE: Location of other alignments
THIS STYLE: Location of Exons
>chromosome:GRCh37:6:73109144:73109916:1
TGATAGATAGATACAGATATAGCAAACAAAACAATGTTAATAATAGTTGGTTGAGCATTG
CTATATACCAAACATGGGGTACAAAGAGGAAGAGGGAGAGGAAAAGAGAAGTGTGCAGAC
ACCAGCAAATATTGAGCCCTGGTGGAGTACCAGATGCATTTCTAGGTGCTTATATACATT
ATTTAAATTTTGTAACTAACATGTGCAATAAGTATCATTATCCCCATTTTAAAGATTATG
TCTGAGATTCAAGAGGTAAAGTAATTTCACAAAATTACTCAGTAAATTTTAAAGACATGA
TTCACCACCAACTCTGCTTGTGTAAAACAGGTGAATGAGTTCAGTTGAGAACCTTTACAG
ACGACTGAAGTATTAGAAAATAGAACCTGGGAGTATGTGAAATGGAAGGCTTGTCTGACA
CTAGTAGCCAATAGAAGTTGACCTAGATTGTGGTAATTTTTAATGATCTAATTGAAATAT
TAATCATCTAAATCAAAATTGGCAGGCAAGTCCTCAAAAGGTACCAGCTCACAATTATTT
TTTGACCTACCCCTTCACTAAAAAGACCATAATACGAAAGAAATCAAATGAATACTCTCA
TTCTTTGTACATACTTTCTGGTACATACATTCCATGGTATACTGAGTTGGATTGCTCATC
TTGCCCTCCTAAATTGCACAAATTTTAATTTTTAGATTTTTATGGTCCTGTACATCGCTA
ATTAGATAGTAGTTACACAAGAAAGGTGTTGCATTCATATAAAAATACTCTTA

[bookmark: _Toc262188966]Figure 53: BLASTN results for Wild type pseudoexon 35 forward and Reverse PCR products. The primers amplified intron sequence between exon 35 and 36.

BLASTN results confirmed that the second set of primers had amplified the intronic region which bears homology to exon 35. 

Query location     : 35.2F        6 to      185 (+)
Database location  : 6     73109473 to 73109653 (+)
Genomic location   : 6     73109473 to 73109653 (+)

Alignment score    : 171
E-value            : 5.9e-40
Alignment length   : 182
Percentage identity: 97.80 
THIS STYLE: Location of selected alignment
THIS STYLE: Location of other alignments
THIS STYLE: Location of Exons
>chromosome:GRCh37:6:73109173:73109953:1
AACAATGTTAATAATAGTTGGTTGAGCATTGCTATATACCAAACATGGGGTACAAAGAGG
AAGAGGGAGAGGAAAAGAGAAGTGTGCAGACACCAGCAAATATTGAGCCCTGGTGGAGTA
CCAGATGCATTTCTAGGTGCTTATATACATTATTTAAATTTTGTAACTAACATGTGCAAT
AAGTATCATTATCCCCATTTTAAAGATTATGTCTGAGATTCAAGAGGTAAAGTAATTTCA
CAAAATTACTCAGTAAATTTTAAAGACATGATTCACCACCAACTCTGCTTGTGTAAAACA
GGTGAATGAGTTCAGTTGAGAACCTTTACAGACGACTGAAGTATTAGAAAATAGAACCTG
GGAGTATGTGAAATGGAAGGCTTGTCTGACACTAGTAGCCAATAGAAGTTGACCTAGATT
GTGGTAATTTTTAATGATCTAATTGAAATATTAATCATCTAAATCAAAATTGGCAGGCAA
GTCCTCAAAAGGTACCAGCTCACAATTATTTTTTGACCTACCCCTTCACTAAAAAGACCA
TAATACGAAAGAAATCAAATGAATACTCTCATTCTTTGTACATACTTTCTGGTACATACA
TTCCATGGTATACTGAGTTGGATTGCTCATCTTGCCCTCCTAAATTGCACAAATTTTAAT
TTTTAGATTTTTATGGTCCTGTACATCGCTAATTAGATAGTAGTTACACAAGAAAGGTGT
TGCATTCATATAAAAATACTCTTATGTATTTATTTCTTTAACATGGCTTATGTAGCTAATA
  Query location     : 35.2rc      109 to      266 (-)
Database location  : 6      73109496 to 73109653 (+)
Genomic location   : 6      73109496 to 73109653 (+)

Alignment score    : 158
E-value            : 5.3e-77
Alignment length   : 158
Percentage identity: 100.00 

THIS STYLE: Location of selected alignment
THIS STYLE: Location of other alignments
THIS STYLE: Location of Exons
>chromosome:GRCh37:6:73109196:73109953:-1
TATTAGCTACATAAGCCATGTTAAAGAAATAAATACATAAGAGTATTTTTATATGAATGC
AACACCTTTCTTGTGTAACTACTATCTAATTAGCGATGTACAGGACCATAAAAATCTAAA
AATTAAAATTTGTGCAATTTAGGAGGGCAAGATGAGCAATCCAACTCAGTATACCATGGA
ATGTATGTACCAGAAAGTATGTACAAAGAATGAGAGTATTCATTTGATTTCTTTCGTATT
ATGGTCTTTTTAGTGAAGGGGTAGGTCAAAAAATAATTGTGAGCTGGTACCTTTTGAGGA
CTTGCCTGCCAATTTTGATTTAGATGATTAATATTTCAATTAGATCATTAAAAATTACCA
CAATCTAGGTCAACTTCTATTGGCTACTAGTGTCAGACAAGCCTTCCATTTCACATACTC
CCAGGTTCTATTTTCTAATACTTCAGTCGTCTGTAAAGGTTCTCAACTGAACTCATTCAC
CTGTTTTACACAAGCAGAGTTGGTGGTGAATCATGTCTTTAAAATTTACTGAGTAATTTT
GTGAAATTACTTTACCTCTTGAATCTCAGACATAATCTTTAAAATGGGGATAATGATACT
TATTGCACATGTTAGTTACAAAATTTAAATAATGTATATAAGCACCTAGAAATGCATCTG
GTACTCCACCAGGGCTCAATATTTGCTGGTGTCTGCACACTTCTCTTTTCCTCTCCCTCT
TCCTCTTTGTACCCCATGTTTGGTATATAGCAATGCTC

[bookmark: _Toc262188967]Figure 54: BLASTN results for Patient’s pseudoexon 35 forward and Reverse PCR products.


Using the translated ORF sequences from Expasy Translate, BLASTP (NCBI) I results were retrieved for Normal control patient’s pseudo exon 35. Protein expression was not detected in either sample, so it was then decided to name the region pseudoexon 35.
Based on afore mentioned results, phylogentic analysis was performed to draw inference regarding the evolutionary pattern in exon 35 and pseudoexon 35 of different species.

















[bookmark: _Toc262188889]3. 6. A. Phylogentic analysis of Pseudoexon & exon35

The first step in phylogentic analysis was extraction of best hit / most homologous sequences for all species using BLASTN (ENSEMBL). The sequences were aligned (figure 55) using MUSCLE (EBI).
Species sequences used in alignment (figure 56) were Homo sapiens, Gorilla gorilla, Macaca mulatta, Mus musculus, Pongo pygmaeus and Pan troglodytes. Complete alignment is given in appendix. 

[image: ]

[bookmark: _Toc262188968]Figure 55: Segment from Exon 35 and Pseudoexon 35 Multiple sequence alignment with six higher organism species. The two sets of oligonucleotide primers are marked as green (exon 35) and pink (pseudoexon 35) whereas exon 35 is highlighted in yellow. 35.1: first set of oligonucleotide primers. 35.2: 2nd set of primers/ pseudoexon. F= Forward, R = Reverse.
The alignment of both sets of oligonucleotide primers with pseudoexon 35 (figure 56) strongly suggests duplication event in the RIMS1gene. The pseudoexon 35 oligonucleotide primers align in five primate species; whereas exon 35 primers align with the pseudoexon sequence in four primate species. The results indicate a primate specific event.
Gamma distribution and Transition: Transversion ratios were calculated in Tree Puzzle (Table 17); and were used for phylogeny inference using DNA maximum likelihood method58. 

[bookmark: _Toc262189015]Table 17:  Statistical values calculated in Tree Puzzle and PHYLIP:
	
Parameter
	
Result

	
Gamma distribution
Parameter α
	
9.68

	
Transition/Transversion
(Ratio)
	
1.92

	
Coefficient of Variance (CV)
Calculation 
[CV = 1 / √ Gamma distribution Parameter α]

	


0.3214






[bookmark: _Toc262188890]Gamma distribution signifies the nucleotide substitution rate with a frequency of distribution dependent on the shape of the data set41. 
 Gamma distribution Parameter α is used to treat rate of heterogeneity in the data set. There are many choices for α value, and a large value of Gamma distribution Parameter α (9.68) signifies minimal rate variation among data set samples41.
Transition/Transversion ratio of 1.92 signifies more Transition events than Transversion. This was expected as the range of Transition/Transversion ratio varies58 from 2 – 1; as Transition events occur at a greater rate than Transversion58. 
Coefficient of Variance relates the arithmetic mean to standard deviation49. It is useful parameter in comparing variability in multiple data set values which have different means49.
Multiple sequence alignment and statistical values were computed into PHYLIP (materials and methods).
The phylogeny tree produced is given in figure 56.


[image: ]

[bookmark: _Toc262188969]Figure 56: RIMS1 Exon and Pseudoexon 35 Evolutionary tree. Mus musculus (mouse) species is the out-group58; signifying exon 35 duplication event took place after evolution of mammals. (The exon 35 sequence of Pongo pygmaeus (orang-utan) species was not included in the above analysis)

The numbers on branch forks indicate frequencies of the species occurred, out of 100.00 trees58 Length of each branch in the tree represents the number of expected nucleotide changes58. The out-group (outlier) is M musculus is very different from other groups (primates). The node from which primate and M musculus branches are drawn indicates evolution from a common ancestor.
 The branches from same node/ fork indicate species most similar to each other58. In terms of RIMS1 exon / pseudoexon 35, humans and Pan troglodytes (chimp) show very similar pattern of evolution. M mulatta (monkey) and G gorilla species are at separate levels from other primates. 
Phylogenetic analysis confirmed that RIMS1 exon 35 duplication giving rise to pseudoexon 35 is a relatively recent event in evolutionary terms. Thus from the results mentioned above, pseudoexon 35 seems to be a relatively recent primate specific exon duplication event. 








[bookmark: _Toc262188891]3. 6. B. Pseudoexon 35 

Repeat sequences take up a large proportion of human genome55. These repeat sequences accumulate mutations over the course of time55. Mutations can be of various types. One of these is duplication55. Duplication events may occur during crossing over stage in meiosis 55, or during DNA replication55. Special elements in DNA such as the Alu55 also play a very important role in duplication of genomic sequences.
[image: ]
[bookmark: _Toc262188970]Figure 57: Sequence of events leading to Exon Duplication. (Extracted from Strachan and Read55, 1999; reproduced with minor changes) 55 Similar to gene duplication, exon duplication may occur resulting in formation of a pseudoexon55. Evolution of pseudoexons involves processes similar to pseudogenes55. Exon duplication can lead to gain or loss of function.

Most well researched example of duplication events resulting in loss of function, are the goblin genes55. 
Segments of coding regions can duplicate in individuals or populations through a variety of mechanisms55. 
The Alu55 mobile elements are most common repetitive sequences in the human genome, and are called as “Recombination hot spot” 55. The Alu repeats occur approximately every 4000bp, in the genome55.  Mispairing of Alu repeats has been suggested to result in duplication or deletion events55. Therefore, Human Alu repeat elements BLASTN (NCBI)II results were retrieved for exon 35 and the introns flanking it.
[image: ]
[bookmark: _Toc262188971]  Figure 58: BLASTN (NCBI)II results for Human Alu repeat elements in the introns flanking RIMS1 exon 35. Presence of several Alu repeats in the introns flanking exon 35 strengthens the validity of previous results.


The sequence used in the BLASTN (figure 58) has been modified to highlight the Alu sequences in figure 59.


ACTATTTAATAGGCAAACAAATAAAAACATTTGCTGCATTTGAATTTCATATGCTCTGTT
TTGCATCATCTGATTGATTAAAAAAGCAGTGTTTCTGTGTTCTTTGATGTTATTAAAACG
GATTTGGGTTTTCCTTGCACAGTTATTCTTTCAGAAGGTGTTAGGAAGTATGTTATAATA
TTTTTTTTAAAGTTTAGTTATGGTCGTTTCTTAGCTTGTGTCAATTATTTTCTTTTTGCA
CACTTAGAAAGGCAAAAGAAAAAAAGAATATAGTTCTAATCATAAAAAGGTAACAATGAG
CTTTAAGATATAAACCTGCATTGTAACCCAAGTAAGTCAAAGTCTTCAAATAACTTTGTA
TACATTGAGTCAAAATGAGGAAAATGGCAGTAATGGTAACATATAGATTTAAGGAACAGA
ATTTATGGAGCAATGGAAATTTTAAGTAATTTAAACAGTCAATGGGAAACTTTCAGTAAG
CATCTCTAATTCTCTAATAGGGAATTCTCTAATTAAAAAAATAGTTGAATTTAAGGAATA
ATTTCTTATATGTTAATATACCTTTGTTTAGCTCCATATGTCAAAGTATATCTTTTGGAA exon35
AATGGGGCCTGTATAGCCAAGAAGAAGACAAGAATTGCACGAAAAACCCTTGATCCTTTG
TATCAGCAGTCTCTGGTTTTTGATGAAAGTCCACAGGGTAAAGTTCTTCAGGTCAGTAAT
AGTTTGTTTGGCTTTTTACATTGAAATGTCTGTTTTACCCATACATCGAAGAGATGGTCA
AACACAAAGAGAATAAAATTTGGTAAAGATAAATGTAGGATAATATTCTTGAGTAGACAA
AATTCAAATGGTTAGTTTATAATATAAATAATATATAATATCAAAAATATTTGGTGGGTC
TAATAGAGAACAATTTTATTTTATCTCTCTCTCTTCTTGTCTTTTCTCTCTCTATCCTCT
CCTTCTAGCTTTGCCCTGTTCCCAGCCCTCCTCACTCCTCACTAGATAGATAGATGATAA
ATAGATAGATAGAGATATGTCCTCACTAGATAGATAGATGATAGATAGATACAGATATAG
CAAACAAAACAATGTTAATAATAGTTGGTTGAGCATTGCTATATACCAAACATGGGGTAC
AAAGAGGAAGAGGGAGAGGAAAAGAGAAGTGTGCAGACACCAGCAAATATTGAGCCCTGG
TGGAGTACCAGATGCATTTCTAGGTGCTTATATACATTATTTAAATTTTGTAACTAACAT
GTGCAATAAGTATCATTATCCCCATTTTAAAGATTATGTCTGAGATTCAAGAGGTAAAGT
AATTTCACAAAATTACTCAGTAAATTTTAAAGACATGATTCACCACCAACTCTGCTTGTG
TAAAACAGGTGAATGAGTTCAGTTGAGAACCTTTACAGACGACTGAAGTATTAGAAAATA
GAACCTGGGAGTATGTGAAATGGAAGGCTTGTCTGACACTAGTAGCCAATAGAAGTTGAC
CTAGATTGTGGTAATTTTTAATGATCTAATTGAAATATTAATCATCTAAATCAAAATTGG
CAGGCAAGTCCTCAAAAGGTACCAGCTCACAATTATTTTTTGACCTACCCCTTCACTAAA
AAGACCATAATACGAAAGAAATCAAATGAATACTCTCATTCTTTGTACATACTTTCTGGT
ACATACATTCCATGGTATACTGAGTTGGATTGCTCATCTTGCCCTCCTAAATTGCACAAA
TTTTAATTTTTAGATTTTTATGGTCCTGTACATCGCTAATTAGATAGTAGTTACACAAGA
AAGGTGTTGCATTCATATAAAAATACTCTTATGTATTTATTTCTTTAACATGGCTTATGT
AGCTAATACTCCTCATTGACTAGGAACACACAATCCTTCATTCCATCAGACTAAAATTAT
TGTGAAGTGTCTATGAGCACCTTAAGGTTAGTGTATCTTCTTATCTGTGCCTTCTCCTTG
GTGATAGTTGTATTCATTATTCTTTTCCTCTGCTTCACTGACTGGCCCACTTTTACAGCA
TAGTTGCTTTGAGCCCTTCGAATGTGAAGCAGAGAGAAGTCCAGGTAATGTTGCATTTCT

[bookmark: _Toc262188972]Figure 59: Alu repeats in the Introns flanking exon35. The sequences which aligned with Alu repeats in BLASTN have been highlighted yellow. Exon 35 sequence is shown in red. Non-coding sequences (introns) are in black.

Phylogenetic analysis and the above results confirm that the first set of exon 35 PCR primers amplified three different PCR products due to an exon duplication event.

[bookmark: _Toc262188892]Clinical importance & Future implications

Recent research studies suggest that activation of pseudoexons is possible and it may have pathological implications. 
Inherited growth-hormone insensitivity is an example of pathology resulting from pseudoexon activation33. Activation of a pseudoexon (mutant pseudoexon) in the growth-hormone receptor gene results in translation of an aberrant homo-dimerisation receptor protein33.
In a Recent study21 on dystrophin protein related, Duchenne (DMD) 21 and Becker muscular dystrophy21, three pseudoexon insertion mutations were identified21. The results suggested a strong correlation between amount of pseudoexon inclusion and morbidity21.
Like pseudogenes, pseudoexons may be involved in pathogenesis of disease. Therefore the importance of pseudoexons in producing disease can not be excluded. 
As queries regarding RIMS1 gene remain unanswered, some deep rooted research is required to explore the gene in detail.



[bookmark: _Toc262188893]Appendices

The detailed multiple sequence alignment used for phylogenetic analysis is given on the next page. 

[bookmark: _Toc262188894]               Multiple sequence alignment for Phylogeny 


Macquepseu : AACAATGCTAATAA--------------------TAGCTGGTT--GAGCATTGCTCTC----------------TGCCAAA :  43
pongopseud : AACAATGTTAATAA--------------------TACTTGGTT--GAGCATTGCTATA----------------TACCAAA :  43
gorGorpseu : AACAATGTTAATAA--------------------TAGTTGGTT--GAGCATTGCTATA----------------TACCAAA :  43
hspseudoex : AACAATGTTAATAA--------------------TAGTTGGTT--GAGCATTGCTATA----------------TACCAAA :  43
CHIMPpseud : AACAATGTTAATAA--------------------TAGTTGGTT--GAGCATTGCTATA----------------TACCAAA :  43
mm35/1-905 : AATCATTCTGTTGAGACGTACTAGGGAAATGCTGTGATTATTT--AAAAATAATTATAGCCATTTCTTA-----TACTAAA :  74
MMUL35/1-9 : AAGTATGTT-ATAA--------------------TATTTTTTA--AAGTTTAGTTATGGTTGTTTCTTAGCTAGTGTCAAT :  58
gorGor35/1 : AAGTATGTT-ATAA--------------------TATTTTTTT-AAAGTTTAGTTATGGTCGTTTCTTAGCTTGTGTCAAT :  59
hs35/1-923 : AAGTATGTT-ATAA--------------------TATTTTTTTTAAAGTTTAGTTATGGTCGTTTCTTAGCTTGTGTCAAT :  60
CHIMP35/1- : AAGTATGTT-ATAA--------------------AATTTTTTTTAAAGTTTAGTTATGGTCGTTTCTTAGCTTGTGTCAAT :  60
                                                                                                    

Macquepseu : CAT----GGGATACAAAGAGGAGGAGGGAGAGGAGAAGAGAA------------------------------TGGGTCCTG :  90
pongopseud : CAT----TGAGTACAAAGAGGAAGAGGGAGAGGAAAAGAGAAGTGTG--------CAGACACCAGCAAATATTGAGTCCTG : 112
gorGorpseu : CAC----GGGGTACAAAGAGGAAGAGGGAGAGGAAAAGAGAAGTGTG--------CAGACACCAGCAAATATTGAGCCCTG : 112
hspseudoex : CAT----GGGGTACAAAGAGGAAGAGGGAGAGGAAAAGAGAAGTGTG--------CAGACACCAGCAAATATTGAGCCCTG : 112
CHIMPpseud : CAT----GGGGTACAAAGAGGAAGAGGGAGAGGAAAAGAGAAGTGTG--------CAGACACCAGCAAATATTGAGCCCTG : 112
mm35/1-905 : TATTT--GTTCTACAAACCTAAAACTACAAAAGAAAA------------------------------AGCATTGAGGTATA : 123
MMUL35/1-9 : TATTTTCTTTCTGCACATTTAGAAAGGCAAAAGAAAAAAAGAATATATTCTAA--TTGTAAAAGGGGAACAATGAGCTTTA : 137
gorGor35/1 : TATTTTCTTTTTGCACACTTAGAAAGGCAAAAGAAAAAAAGAATATAGTTCTAATCATAAAAAAGGGAACAATGAGCTTTA : 140
hs35/1-923 : TATTTTCTTTTTGCACACTTAGAAAGGCAAAAGAAAAAAAGAATATAGTTCTAATCATAAAAAGGT-AACAATGAGCTTTA : 140
CHIMP35/1- : TATTTTCTTTTTGCACACTTAGAAAGGCAAAAGAAAAAAAGAATATAGTTCTAATCAT-AAAAAGGGAACAATGAGCTTTA : 140
                                                                                                    








Macquepseu : G---------------TTGAATGCCA-----GATGCATTTCTAGGTGCTTATAT-GCATTATTTAAACTTTGTAACTAACA : 150
pongopseud : G---------------TGGAGTGCCA-----CATGCATTTCTAGGTGCTTATAT-ACATTATTTAAATTTTGTAACTAACA : 172
gorGorpseu : G---------------TGGAGTGCCA-----GATGCATTTCTAGGTGCTTATAT-ACATTATTTTAATTTTGTAACTAACA : 172
hspseudoex : G---------------TGGAGTACCA-----GATGCATTTCTAGGTGCTTATAT-ACATTATTTAAATTTTGTAACTAACA : 172
CHIMPpseud : G---------------TGGAGTGCCA-----GATGCATTTCTAGGTGCTTATAT-ACATTATTTAAATTTTGTAACTAACA : 172
mm35/1-905 : AGATGTGGACCTCCATTTTCATGCCAGCCCTGACTTAAGTAAATGAGTTAAGGTGACTTCAGGGACACT---TATTTGACA : 201
MMUL35/1-9 : AGATATAAACCTGCATTGTAACCCAA--------GTAAGTCAACATCTTCAAATAACTTTGTATACATT---GAATCAAAA : 207
gorGor35/1 : AGATATAAACCTGCATTGTAACCCAA--------GTAAGTCAAAGTCTTCAAATAACTTTGTATACATT---GAGTCAAAA : 210
hs35/1-923 : AGATATAAACCTGCATTGTAACCCAA--------GTAAGTCAAAGTCTTCAAATAACTTTGTATACATT---GAGTCAAAA : 210
CHIMP35/1- : AGATATAAACCTGCATTGTAACCCAA-----G---TAAGTCAAAGTCTTCAAATAACTTTGTATACATT---GAGTCAAAA : 210


                                                                                           
Macquepseu : TGCGCAATAC--------TATCATTATCCTCATTTTAAAGATTATGTCTGAGATTCAAGAGGTAAAGTAATTTCACAAAGT : 223
pongopseud : TGTGCAATA-------AGTATCATTATCCCCATTTTAAAGATTATGTCTGAGATTCAAGAGGTAAAGTAATTTCACAAAGT : 246
gorGorpseu : TGTGCAATA-------AGTATCATTATCCCCATTTTAAAGATAATGTCTGAGATCCAAGAGGTAAAGTAATTTCACAAAGT : 246
hspseudoex : TGTGCAATA-------AGTATCATTATCCCCATTTTAAAGATTATGTCTGAGATTCAAGAGGTAAAGTAATTTCACAAAAT : 246
CHIMPpseud : TGTGCAATA-------AGTATCATTATCCCCATTTTAAAGATTATGTCTGAGATTCAAGAGGTAAAGTAATTTCACAAAGT : 246
mm35/1-905 : GGAGAAAAATCACAGCAGTGGTGATGGATGCATTTTAAGGAGTC------AGATGTTCAGAGCGATGGACATGTATATAGC : 276
MMUL35/1-9 : TGAGGAAAATGGCAGTAATGGTAACATATAGA-TTTAAGGAATA------GAATGTATGGAGCAATGAAAATT--TTAAGT : 279
gorGor35/1 : TGAGGAAAATGGCAGTAATGGTAACATATAGA-TTTAAGGAACA------GAATTTATGGAGCAATGGAAATT--TTAAGT : 282
hs35/1-923 : TGAGGAAAATGGCAGTAATGGTAACATATAGA-TTTAAGGAACA------GAATTTATGGAGCAATGGAAATT--TTAAGT : 282
CHIMP35/1- : TGAGGAAAATGGCAGTAATGGTAACATATAGA-TTTAAGGAACA------GAATTTATGGAGCAATGGAAATT--TTAAGT : 282
                                                   
                    35.1F 5’→ 3’ (green)                      35.2F 5’→ 3’ (pink)                                            
                  
Macquepseu : TACTCA-----------GTAAAGTTTAAAGGTGGGATTCACCACCAACTCT------------GCTTGTATAAAACAGGTG : 281
pongopseud : TACTCA-----------GTAAATTTTAAAGGCGTGATTCACCACCAACTCT------------GCTTGTGTAAAACAGGTG : 304
gorGorpseu : TACTCA-----------GTAAATTTTAAAGACGTGATTCACCACCAACTCT------------GCTTGTGTAAAACAGGTG : 304
hspseudoex : TACTCA-----------GTAAATTTTAAAGACATGATTCACCACCAACTCT------------GCTTGTGTAAAACAGGTG : 304
CHIMPpseud : TACTCA-----------GTAAATTTTGAAGACATGATTCACCACCAACTCT------------GCTTGTGTAAAACAGGTG : 304
mm35/1-905 : AGTTTA-----------AGGTACATCTAATAAG-----AACCTCCAATCCT-------GTAAGGCTTGGACTAATAAA--A : 332
MMUL35/1-9 : AATTTAAACAGTCGATGGGAAACTTTCAGCAAG-----CATCTCTAATTCTCTAATAGGGAATTCTCTAATTAAAAAAACA : 355
gorGor35/1 : AATTTAAACAGTCAATGGGAAACTTTCAGTAAG-----CATCTCTAATTCTCTAATAGGGAATTCTCTAATTAAAAAAATA : 358
hs35/1-923 : AATTTAAACAGTCAATGGGAAACTTTCAGTAAG-----CATCTCTAATTCTCTAATAGGGAATTCTCTAATTAAAAAAATA : 358
CHIMP35/1- : AATTTAAACAGTCAATGGGAAACTTTCAGTAAG-----CATCTCTAATTCTCTAATAGGGAATTCTCTAATTAAAAAAATA : 358
                                  
Macquepseu : AATGAGTCCAGTTGGGAA-CCTTTACAGATGACTGAA---------------GTATTAGAAAATAGAACCCGGGACTATGT : 346
pongopseud : AATGAGTTCAGTTGAGAA-CCTTTACAGATGACTGAA---------------GTATTAGAAGATAGAACCTGGGAGTATGT : 369
gorGorpseu : AATGAGTTCAGTTGAGAA-CCTTTACAGACAACTGAA---------------GTATTAGAAAACAGAACCTGGGAGTATGT : 369
hspseudoex : AATGAGTTCAGTTGAGAA-CCTTTACAGACGACTGAA---------------GTATTAGAAAATAGAACCTGGGAGTATGT : 369
CHIMPpseud : AATGAGTTCAGTTGAGAA-CCTTTACAGACGACTGAA---------------GTATTAGAAAATAGAACCTGGGAGTATGT : 369
mm35/1-905 : ATAGAATTCCAGCAATATGTTTTTATATGTCTGCTCATCTTGGTCTAGCTCCCTATGTGAAAGTTTATCT------TTTGG : 407
MMUL35/1-9 : GTTGAATTTAAGGAATAA-TTCTTGTATGTTAATATAACTTTGTTTAGCTCCATATGTCAAAGTATATCT------TTTGG : 429
gorGor35/1 : GTTGAATTTAAGGAATAATTTCTTGTATGTTAATATACCTTTGTTTAGCTCCATATGTCAAAGTATATCT------TTTGG : 433
hs35/1-923 : GTTGAATTTAAGGAATAATTTCTTATATGTTAATATACCTTTGTTTAGCTCCATATGTCAAAGTATATCT------TTTGG : 433
CHIMP35/1- : GTTGAATTTAAGGAATAA-TTTCTATATGTTAATATACCTTTGTTTAGCTCCATATGTCAAAGTATATCT------TTTGG : 432


Macquepseu : GTAGTGGAAGGCTTGTTTGACACCAATAGCCAATAGAAGTTGACCTAGATTGTGGTAATTTTTAATGATCGAATTGAAATA : 427
pongopseud : GAAATGGAAGGCTTGTCTGACACTAGTAGCCAATAGAAGTTGACCTAGATTGTGGTAATTTTTAATGATCTAATTGAAATA : 450
gorGorpseu : GAAATGGAAGGCTTGTCTGACACTAGTAGCCAATAGAAGTTGACCTAGATTGTGGTAATTTTTAATGATCTAATTGAAATA : 450
hspseudoex : GAAATGGAAGGCTTGTCTGACACTAGTAGCCAATAGAAGTTGACCTAGATTGTGGTAATTTTTAATGATCTAATTGAAATA : 450
CHIMPpseud : GAAATGGAAGGCTTGTCTGACACTAGTAGCCAATAGAAGTTGACCTAGATTGTGGTAATTTTTAATGATCTAATTGAAATA : 450
mm35/1-905 : AAAATGG--AGCCTGT---------ATTGCCA--AAAAGAAGACAAGAATTGCACGGA-----------------AAACTC : 458
MMUL35/1-9 : AAAATGG--GGCCTGT---------ATAGCCA--AGAAGAAGACAAGAATTGCACGAA-----------------AAACCC : 480
gorGor35/1 : AAAATGG--GGCCTGT---------ATAGCCA--AGAAGAAGACAAGAATTGCACGAA-----------------AAACCC : 484
hs35/1-923 : AAAATGG--GGCCTGT---------ATAGCCA--AGAAGAAGACAAGAATTGCACGAA-----------------AAACCC : 484
CHIMP35/1- : AAAATGG--GGCCTGT---------ATAGCCA--AGAAGAAGACAAGAATTGCACGAA-----------------AAACCC : 483

                            35.2R 5’→ 3’[reverse complimented]  (pink)                                                                        

Macquepseu : TTAATCATCTAAATTAAAATTGGCAGGC---------AAGTCCTCAA---AAGGTAC--CAGCCCA-CAATTATTTGTTTG : 493
pongopseud : TTAATCATCTAAATCAAAATTGGCAGGC---------AAGTCCTCAA---AAGGTAC--CAGCTCA-CAATTATTT--TTG : 514
gorGorpseu : TTAATCATCTAAATCAAAATTGGCAGGC---------AAGTCCTCAA---AAGGTAC--CAGCTCA-CAATTATTT-TTTG : 515
hspseudoex : TTAATCATCTAAATCAAAATTGGCAGGC---------AAGTCCTCAA---AAGGTAC--CAGCTCA-CAATTATTT-TTTG : 515
CHIMPpseud : TTAATCATCTAAATCAAAATTGGCAGGC---------AAGTCCTCAA---AAGGTAC--CAGCTCA-CAATTATTT-TTTG : 515
mm35/1-905 : TCGATCCCTTGTATCAGCAGTCCCTGGTTTTTGATGAAAGTCCACAGGGTAAAGTTCTTCAGGTCAGTAA-ACTTTGCTTG : 538
MMUL35/1-9 : TTGATCCTTTGTATCAGCAGTCTCTGGTTTTTGATGAAAGTCCACAGGGTAAAGTTCTTCAGGTCAGTAA----TTGTTTG : 557
gorGor35/1 : TTGATCCTTTGTATCAGCAGTCTCTGGTTTTTGATGAAAGTCCACAGGGTAAAGTTCTTCAGGTCAGTAATAGTTTGTTTG : 565
hs35/1-923 : TTGATCCTTTGTATCAGCAGTCTCTGGTTTTTGATGAAAGTCCACAGGGTAAAGTTCTTCAGGTCAGTAATAGTTTGTTTG : 565
CHIMP35/1- : TTGATCCTTTGTATCAGCAGTCTCTGGTTTTTGATGAAAGTCCACAGGGTAAAGTTCTTCAGGTCAGTAATAGTTTGTTTG : 564
       
  35.1R 5’→ 3’[reverse complimented] (green)                            
              

Macquepseu : ATC----------------------TACCCCTTCATTAAAAAGACCGT--AATACAAAAGAAAT---------------CA : 535
pongopseud : ACC----------------------TACCCCTTCACTAAAAAGACCAT--AATACGAAAGAAAT---------------CA : 556
gorGorpseu : ACC----------------------TACCCCTTCACTAAAAAGACCAT--AATACGAAAGAAAT---------------CA : 557
hspseudoex : ACC----------------------TACCCCTTCACTAAAAAGACCAT--AATACGAAAGAAAT---------------CA : 557
CHIMPpseud : ACC----------------------TACCCCTTCACTAAAAAGACCAT--AATACGAAAGAAAT---------------CA : 557
mm35/1-905 : GTTAATTACACTGTGATATC-----TATTAGCTCATTGAAGACGTGGAC-AGCATTTAGGAAAATCTGTTCAGTAAAGCCT : 613
MMUL35/1-9 : GCTTTTTACATTGAAATGTTTGTATTATTCATATATCAAAGAGATGGTAAAACACAAAGAGA-----------------TA : 621
gorGor35/1 : GCTTTTTACATTGAAATGTCTGTTTTATCCATACATCGAAGAGATGGTCAAACACAAAGAGAATAAAATTTGGTAAATATA : 646
hs35/1-923 : GCTTTTTACATTGAAATGTCTGTTTTACCCATACATCGAAGAGATGGTCAAACACAAAGAGAATAAAATTTGGTAAAGATA : 646
CHIMP35/1- : GCTTTTTACATTGAAATGTCTGTTTTATCCATACATCGAAGAGATGGTCAAACACAAAGAGAATAAAATTTGGTAAAGATA : 645

  35.1R 5’→ 3’[reverse complimented] (green)                            

Macquepseu : AATGAGTACTCTCATTCTTT-GTACA---------------TACTTTCTTGTACATACATTCCATGGTATACTGAGT---- : 596
pongopseud : TATGAATACTCTCATTCTTT-GTACA-------------------TTCTGGTACATACATTCCATGGTATACTGAGT---- : 613
gorGorpseu : AATGAATACTCTCATTCTTT-GTACA---------------TACTTTCTGGTACATACATTCCATGGTATACTGAGT---- : 618
hspseudoex : AATGAATACTCTCATTCTTT-GTACA---------------TACTTTCTGGTACATACATTCCATGGTATACTGAGT---- : 618
CHIMPpseud : AATGAATACTCTCATTCTTT-GTACA---------------TACTTTCTGGTACATACATTCCATGGTATACTGAGT---- : 618
mm35/1-905 : A--GCTTATTAATGTCCATGAGTAGAAAGATAGAAACTGGTCAGTTTATAGTACAG--TATGTATGGCGTTAAGAATATCT : 690
MMUL35/1-9 : AATGTAGGATAATATTCTTGAGTAGAAGAAATTCAAATGGTTAGTTTATAATGTAAATAATGTATAATATTAAAAATATTT : 702
gorGor35/1 : AATGTGGGATAATATTCTTGAGTAGACAAAATTCAAATGGTTAGTTTATAATATAAATAATATATAATATTAAAAATATTT : 727
hs35/1-923 : AATGTAGGATAATATTCTTGAGTAGACAAAATTCAAATGGTTAGTTTATAATATAAATAATATATAATATCAAAAATATTT : 727
CHIMP35/1- : AATGTAGGATAATATTCTTGAGTATACAAAATTCAAATGGTTAGTTTATAATATAAATAATATATAATATCAAAAATATTT : 726

                                                     
Macquepseu : --TGGA---------------------------------TTGCTCATGCTGCCCTC-------CTAAATTGCACAAATTTT : 635
pongopseud : --TGGA---------------------------------TTGCTCACCTTGCCCTC-------CTAAATTGCACAAATTTT : 652
gorGorpseu : --TGGA---------------------------------TTGCTCATCTTGCCCTC-------CTAAATTGCACAAATTTT : 657
hspseudoex : --TGGA---------------------------------TTGCTCATCTTGCCCTC-------CTAAATTGCACAAATTTT : 657
CHIMPpseud : --TGGA---------------------------------TTGCTCATCTTGCCCTC-------CTAAATTGCACAAATTTT : 657
mm35/1-905 : GATGTATATAGTGTGAAGAAACAAAATGCAACATC----TTTCTCTTTTCTTCTTT---GTCTCTATACTCTGCAATCCTT : 764
MMUL35/1-9 : GGTGGATCTAATAGAGAACAATTTTATTTTATCTC----TCTCTCTTCTTTTCTTTTCTGTCTCTATCCTCTCC---TTCT : 776
gorGor35/1 : GGTGGATCTAATAGAGAACAATTTTATTTTATCTCTCTTTCTCTCTTCTTGTCTTTTCTCTCTCTATCCTCTCC---TTCT : 805
hs35/1-923 : GGTGGGTCTAATAGAGAACAATTTTATTTTATCTC----TCTCTCTTCTTGTCTTTTCTCTCTCTATCCTCTCC---TTCT : 801
CHIMP35/1- : GGTGGGTCTAATAGAGAACAATTTTATTTTATCTC----TCTCTCTTCTTGTCTTTTCTCTCTCTATCCTCTCC---TTGT : 800

                                                                                                    

Macquepseu : AATTTTTATATTTTTATGGTCCTGCACATCGCTAATTAGATAGTAGTTACACAAGAAAGGCGTTGCATTCATATAAAAATA : 716
pongopseud : AATTTTTATATTTTTATGGTCCTGCACATCACTAATTAGACAGTAGTTACACAAGAAAGGTGTTGCATTCATATAAAAATA : 733
gorGorpseu : AATTTTTATATTTTTATGGTCCTGCACGTCGCTAATTAGATAGTAGTTACACAAGAAAGGTGTTGCATTCATATAAAAATA : 738
hspseudoex : AATTTTTAGATTTTTATGGTCCTGTACATCGCTAATTAGATAGTAGTTACACAAGAAAGGTGTTGCATTCATATAAAAATA : 738
CHIMPpseud : AATTTTTAGATTTTTATGGTCCTGTACATCGCTAATTAGATAGTAGTTACACAAGAAAGGTGTTGCATTCATATAAAAATA : 738
mm35/1-905 : AACCTTTTTCCTCTTCTTG--------ATACATAGCTGTAAAGAATATAGATAATATAGAGTTAG-----ATA-ATACGTA : 831
MMUL35/1-9 : AGCTTTGCCCTGTTCCCACCCCTCCTCACTCCTCACTAGATAG---ATAGGTATAAA-----TAG-----ATAGAGATGTA : 844
gorGor35/1 : AGCTTTGCCCTGTTCCCAGCCCTCCTCACTCCTCACTAGATAG---ATAGATGATAAATAGATAG-----ATAGAGATATA : 878
hs35/1-923 : AGCTTTGCCCTGTTCCCAGCCCTCCTCACTCCTCACTAGATAG---ATAGATGATAAATAGATAG-----ATAGAGATATG : 874
CHIMP35/1- : AGCTTTGCCCTGTTCCCAGCCCTCCTCACTCCTCACTAGATAG---ATAGATAATAAATAGATAG-----ATA-----ATG : 868

                                                                                

Macquepseu : ATCTTATGTATTTATTTCTTT---AACATGGCTTA----------TG---------TAGAT : 755
pongopseud : ATCTTGTGTATTTATTTCTTT---AACATGGCTTA----------TG---------TAGAT : 772
gorGorpseu : ATCTTATGTATTTATTTATTT---AACATGGCTTA----------TG---------TAGAT : 777
hspseudoex : CTCTTATGTATTTATTTCTTT---AACATGGCTTA----------TG---------TAGCT : 777
CHIMPpseud : CTCTTATGTATTTATTTCTTT---AACATGGCTTA----------TG---------TAGAT : 777
mm35/1-905 : CTACTGG-TAATAATATGGAT---GATAGAATATAGATAGATGATTA---------TAGAT : 879
MMUL35/1-9 : TCCTCAC-TAGATAGATAGGTATAAATA-GATAGAGATATATCCTCACTAGATAGCTAGAT : 903
gorGor35/1 : TCCTCAC-TAGATAGATAGAT---GATA-GATAGA----------TA---------CAGAT : 915
hs35/1-923 : TCCTCAC-TAGATAGATAGAT---GATA-GATAGA----------TA---------CAGAT : 911
CHIMP35/1- : TCCTCAC-TAGATAGATAGAT---GATA-GATAGA----------TA---------CAGAT : 905








[bookmark: _Toc262188895]Buffer recipes 
0.5M EDTA = Diaminoethane tetraacetic acid
Molecular Weight = 372.2 g/mol
18.61 g of EDTA powder were dissolved in 100ml of distilled water brought to pH using NaOH pellets.
• EDTA did not dissolve until pH value reached 8.0
0.8% Agarose gel (using electrophoresis grade powder)
0.8 g of Agarose gel powder were dissolved in 100ml of 1x TBE buffer and heated for three minutes in the microwave. 
After addition of 4ɥl of Gel Red, Poured it at 60 ͦ C.

1 x TE Buffer Recipe
The pH of TE buffer = 8.0
10 mM Tris-Cl, pH 8.0
1 mM EDTA
From 1M stock of Tris-Cl (pH 8.0) and 0.5M stock of EDTA (pH 8.0), we used:
10ml 1M Tris-Cl pH 8.0 per L
2ml 0.5M EDTA pH 8.0
[bookmark: _Toc262188896]1M Tris (crystallized free base) = Tris (hydroxymethyl) aminomethane. 
Molecular Weight 121.4 g/mol
15.143 g were dissolved in 100ml of distilled water; pH was brought to 8.0 using concentrated HCl. Then it was made up to 125ml with distilled water.
2% Agarose gel (using electrophoresis grade powder)
2.0 g of Agarose gel powder were dissolved in 100ml of 1x TBE buffer and heated for three minutes in the microwave. 
After addition of 4ɥl of Gel Red, Poured it at 60 ͦ C.
5 x TBE buffer, pH = 8.3

Tris-Borate-EDTA Buffer recipe:
Tris Base = 54g
Boric Acid = 27.5g
EDTA = 20ml of 0.5M EDTA.
All dissolved in 500ml of distilled water and made up to 1000 ml with distilled water.
The buffer was diluted to make 1x dilution by addition of 200ml of 5x TBE to a 1000ml measuring flask and making up to 1L; before use.

95% and 70% Ethanol:

2.5 ml of distilled water, made up to 50ml with 100% Ethanol ~ 95% Ethanol
35 l of 100% Ethanol, made up to 50ml of distilled water ~ 70% Ethanol.




[bookmark: _Toc262188897]PCR Primer oligonucleotide sequences

PRIMER PICKING RESULTS FOR hsRIMS1exon11
OLIGO            start  len      tm     gc%   any    3' seq 
LEFT PRIMER         33   20   59.67   45.00  4.00  1.00           AGACCCAGCAGGATTTTTCA
RIGHT PRIMER       280   25   57.19   28.00  4.00  2.00           AGTAACCCCAATTCATTATATCAAA
SEQUENCE SIZE: 300
INCLUDED REGION SIZE: 300

PRODUCT SIZE: 248, PAIR ANY COMPL: 3.00, PAIR 3' COMPL: 3.00
TARGETS (start, len)*: 131,51

    1 ATAGTAACTCCTATTCATTTCCACACCTGTAAAGACCCAGCAGGATTTTTCACATCACGT
                                      >>>>>>>>>>>>>>>>>>>>        

   61 ATAATGGGCTATGATTGCCTCAGGCAGGGTCATTTAACTAATGGGATTTTCACCATATCC
                                                                  

  121 TGTTTCTTTTAGTGACATTCCCCGGATTCCTGAGAGCTCCCACCCTCCACTGGAGTCCAG
                **************************************************

  181 TGAGTATAAGGTTTCTTTGTTATTATAAAAGTATTGAACTAATTGAAAGTAAAGATTTCT
      *                                                           

  241 AATTTTCTTTAGTTATTTGATATAATGAATTGGGGTTACTATACTAAAGATGTCTCCATT
                     <<<<<<<<<<<<<<<<<<<<<<<<<                    

KEYS (in order of precedence):
****** target
>>>>>> left/forward primer
<<<<<< right/reverse primer

PRIMER PICKING RESULTS FOR hsensembl exon 12
OLIGO            start  len      tm     gc%   any    3' seq 
LEFT PRIMER        151   25   57.36   24.00  6.00  2.00 ACAAATAAAGGATGCATTTAACATT
RIGHT PRIMER       375   22   60.03   40.91  6.00  0.00 CAGCCTCCAACATGTACAAAAA
SEQUENCE SIZE: 540
INCLUDED REGION SIZE: 540

PRODUCT SIZE: 225, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 2.00
TARGETS (start, len)*: 231,117

    1 GCACTCCAGAAATGTAGATCAATTCTTTCCAGTTGAAATAAGCATAATACTTCGTTATAT
                                                                  

   61 CATTCTTAATATTTTTTAAATAGACAACTAAAGACAATCTATCCCATTAAAAGTAGGTTC
                                                                  

  121 TGTTATCAGTGATAGTAATTATGGTTTTATACAAATAAAGGATGCATTTAACATTTTATT
                                    >>>>>>>>>>>>>>>>>>>>>>>>>     

  181 AAAAATATTTCCTACACTTACAAATATTACTTACTTTTTTTTCTCATTTTAGGTTCAAGT
                                                        **********

  241 TCCTTTGAATCTCAGAAGATGGAAAGGCCTTCCATTTCTGTTATTTCTCCAACAAGTCCT
      ************************************************************

  301 GGAGCTCTAAAAGATGCCCCACAAGTCTTACCAGGGCAACTTTCTGTATGTATTTTTTGT
      ***********************************************      <<<<<<<

  361 ACATGTTGGAGGCTGTTAGTATTTGCATACACTGTCTGAGTCTGTCTTTAAATATGTTCG
      <<<<<<<<<<<<<<<                                             

  421 CCTTTCCTTGAAGCCTGCAATAAATACATAGTCATTTAACACCATAATCTACTTCATTAG
                                                                  

  481 TTTTTCATGCATTTTTTATTATTCCTTTATTCACATATTTATTCAGAAATACTTACTGAG
                                                                  
PRIMER PICKING RESULTS FOR hsensembl exon 13
OLIGO            start  len      tm     gc%   any    3' seq 
LEFT PRIMER        186   20   58.86   45.00  3.00  0.00 TTCCTTTCCTCATTGCTCCT
RIGHT PRIMER       414   24   59.42   37.50  6.00  2.00 CATCCCAAAAGAGAAAATTCTACC
SEQUENCE SIZE: 600
INCLUDED REGION SIZE: 600

PRODUCT SIZE: 229, PAIR ANY COMPL: 6.00, PAIR 3' COMPL: 0.00
TARGETS (start, len)*: 206,135

    1 GTTGTAGGTTATGTTTAAAGTACTCAAAGAGAAAAGTAAAGTTCTGTGTGTTTATGCTTT
                                                                  

   61 CAAATTGGTGTGTTTTTAGAAATATCTGTAATTGCATTATATTGTAATTCAAAATTTCCT
                                                                  

  121 CATTTAAATATAACTTGAATTTTGTTTTATGTAAAATTGTAATGCCTCATGATTTTTACA
                                                                  

  181 AATAATTCCTTTCCTCATTGCTCCTAGGTGAAGTTGTGGTATGATAAAGTGGGACACCAG
           >>>>>>>>>>>>>>>>>>>>***********************************

  241 CTGATTGTAAATGTTCTGCAAGCAACAGATCTACCTGCTAGAGTAGATGGACGTCCTCGA
      ************************************************************

  301 AATCCCTATGTAAAAATGTATTTTCTTCCAGATAGAAGGTAGTGAATAATTTTAGAAAAA
      ****************************************                    

  361 AAAAATCTTAAAATCTGTACTAATAGAAAAGGTAGAATTTTCTCTTTTGGGATGTTTTTA
                                    <<<<<<<<<<<<<<<<<<<<<<<<      

  421 AAAAATATAATAGATAATTCTGAGGAGATAAAAGTACATTATCTCTGAAAAAAGAAGTCC
                                                                  

  481 CTCAAGTGTTGGAAATTGTGTTGGAAATATTTGAAAATAATCTGTCAATTAAAAAAATCT
                                                                  

  541 ATTACCTTGTTTATAGGTATATTAGTCTTTGATAGCGACACATCATTTAGAATGTACCTT
                                                                  

PRIMER PICKING RESULTS FOR hsensembl exon 14
OLIGO            start  len      tm     gc%   any    3' seq 
LEFT PRIMER        258   23   57.98   43.48  7.00  3.00 AACTACAGTAGATGGCAGCATGT
RIGHT PRIMER       641   20   59.46   45.00  6.00  2.00 AAAAGCGCTGTCTCCAATTC
SEQUENCE SIZE: 660
INCLUDED REGION SIZE: 660

PRODUCT SIZE: 384, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 1.00
TARGETS (start, len)*: 317,176

    1 CTCAAGTGTTGGAAATTGTGTTGGAAATATTTGAAAATAATCTGTCAATTAAAAAAATCT
                                                                  

   61 ATTACCTTGTTTATAGGTATATTAGTCTTTGATAGCGACACATCATTTAGAATGTACCTT
                                                                  

  121 TGTATGTGTCCCTATAATTACAATACTGCTTATATTGTAACTGAAGTTAGAATATTATTA
                                                                  

  181 AACTCTATTATCTTTTTATAGACTTTCCATGAGTTATTAGTTAAAATAATATAAATATCA
                                                                  

  241 ATGGCAGTTTTACATGTAACTACAGTAGATGGCAGCATGTACTTGCTTTTTCATTTACAA
                       >>>>>>>>>>>>>>>>>>>>>>>                    

  301 AACATACTTATTTTTCAGTGATAAAAGTAAAAGGAGGACCAAAACAGTAAAGAAAATACT
                      ********************************************

  361 AGAACCAAAATGGAATCAAACTTTTGTCTATTCACATGTACATCGTAGAGATTTTAGAGA
      ************************************************************

  421 ACGAATGTTAGAAATAACTGTGTGGGACCAACCAAGAGTGCAAGAAGAAGAAAGTGAATT
      ************************************************************

  481 TCTTGGAGAGGTGATGTATATTTTAAAAACTCAAGTCAAATAGTTAATAAAGTTTTGTGA
      ************                                                

  541 TATTTATTATGATTACTATTACATTATGTTTTGATAAAGGTACTTGATTTAATTTGAGAA
                                                                  

  601 TTACCCTCTCAGATCCTCATAGAATTGGAGACAGCGCTTTTAGATGATGAACCGCATTGG
                           <<<<<<<<<<<<<<<<<<<<                   

PRIMER PICKING RESULTS FOR hsensembl exon 15
OLIGO            start  len      tm     gc%   any    3' seq 
LEFT PRIMER        104   27   59.41   29.63  7.00  2.00 TTGATTTAATTTGAGAATTACCCTCTC
RIGHT PRIMER       312   23   60.71   43.48  7.00  0.00 TGGCAACTAAAAGGACCTTAACC
SEQUENCE SIZE: 480
INCLUDED REGION SIZE: 480

PRODUCT SIZE: 209, PAIR ANY COMPL: 5.00, PAIR 3' COMPL: 0.00
TARGETS (start, len)*: 131,158

    1 TCTTGGAGAGGTGATGTATATTTTAAAAACTCAAGTCAAATAGTTAATAAAGTTTTGTGA
                                                                  

   61 TATTTATTATGATTACTATTACATTATGTTTTGATAAAGGTACTTGATTTAATTTGAGAA
                                                 >>>>>>>>>>>>>>>>>

  121 TTACCCTCTCAGATCCTCATAGAATTGGAGACAGCGCTTTTAGATGATGAACCGCATTGG
      >>>>>>>>>>**************************************************

  181 TATAAACTTCAGACACATGATGAGTCTTCACTACCTCTGCCTCAGCCATCACCTTTCATG
      ************************************************************

  241 CCAAGGCGACATATTCATGGAGAAAGCTCTAGCAAAAAGCTACAAAGTAGGTTAAGGTCC
      ************************************************ <<<<<<<<<<<

  301 TTTTAGTTGCCACAAAGTAATTATGCTGTAATGATCTAATTAGTGATTAATAATTCAAGA
      <<<<<<<<<<<<                                                

  361 TGTTTTTTTTAAATGTTTTATTAGAGATCAAAATACTGGAAAATTGTTCATCTTTATGAA
                                                                  

  421 GCAACTTGGCAAAACTGTTTCTACATTTTCACAATGAAAATAATGTAGATAGCATAGCAG

PRIMER PICKING RESULTS FOR hsensembl exon 16
OLIGO            start  len      tm     gc%   any    3' seq 
LEFT PRIMER        185   22   59.90   40.91  6.00  0.00 CGTTTCATAAACCAACCAGACA
RIGHT PRIMER       387   20   59.95   50.00  6.00  1.00 TAAAGAGGTCCGGAAGCTGA
SEQUENCE SIZE: 540
INCLUDED REGION SIZE: 540

PRODUCT SIZE: 203, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 1.00
TARGETS (start, len)*: 237, 76

    1 TTCTGTGAAGTCCCCTTGTTTCTATATGTCTTTGGTGTAATGAGGAAAAAAATACTGATA
                                                                  

   61 AAATGTTATCCTTAGAGAACAAACATTTCTTTTAAAATTAGCTCAGTGTTTACTGTATTA
                                                                  

  121 GTCTTCATAAGTTTTCAGTAATAATGCAATTCACTTTTTAAAAAAAGTTTGACAGTGCTC
                                                                  

  181 TTTACGTTTCATAAACCAACCAGACACAGAAGTATCTCTTTGCCTTACTGTTGTGCAGGA
          >>>>>>>>>>>>>>>>>>>>>>                              ****

  241 TCTCAGCGAATCAGTGATAGTGACATCTCAGATTATGAGGTTGATGATGGTATTGGCGTA
      ************************************************************

  301 GTTCCTCCAGGTGCGTGGGTGAGGAGCATGACCCTGCTTCACTGTGCTGCTTTGCTTGTT
      ************                                                

  361 TTCTCTGTCAGCTTCCGGACCTCTTTAGGATACTAAACTGAAGATTTATAGCACAGAGAA
             <<<<<<<<<<<<<<<<<<<<                                 

  421 ATCAGTATTATATTATTCCATGGTGACTTACATTTCAAATTATTAAGAAAGTTTTAAATG
                                                                  

  481 GACTAGTCTCTACTAATTAGCATTCCCATAGTGAGGTTCTTCCGTAGAAACATGTCTAAC
                                                                  
PRIMER PICKING RESULTS FOR hsensembl exon 17
OLIGO            start  len      tm     gc%   any    3' seq 
LEFT PRIMER        136   26   58.68   30.77  6.00  2.00 TTCCTGTGTTAATGTTTGCATTATAG
RIGHT PRIMER       383   20   60.78   50.00  5.00  2.00 CACTGAGCCCATTTCAAAGC
SEQUENCE SIZE: 600
INCLUDED REGION SIZE: 600

PRODUCT SIZE: 248, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 1.00
TARGETS (start, len)*: 201,161

    1 TGTAACCTGTTTCAATGCATGTATATGTTACACTCTGTGTAGGTATACTTAATATTTTTG
                                                                  

   61 AAGATAAGGCTATTAATACCGATTGCATGACATTTATTCTTCATAGATCAATGGCTGCTT
                                                                  

  121 TAGAATAATTTTATATTCCTGTGTTAATGTTTGCATTATAGAAGAATACTGACTAAATTT
                     >>>>>>>>>>>>>>>>>>>>>>>>>>                   

  181 TTTCTGTGTGTACTTTTGCCAGTAGGCTATAGGTCTAGTGCTAGAGAAAGTAAATCTACA
                          ****************************************

  241 ACATTAACTGTGCCAGAACAGCAAAGAACAACTCATCACCGCTCACGTTCAGTATCTCCT
      ************************************************************

  301 CATCGCGGCAATGATCAGGGAAAGCCGCGTTCACGTTTACCAAATGTGCCATTACAGAGG
      ************************************************************

  361 TAGGCTTTGAAATGGGCTCAGTGTCCCTGACAGTACATTTTTATTATAATGCAGTGTAAA
      *  <<<<<<<<<<<<<<<<<<<<                                     

  421 TTGCTGCAAAACTAACTGAAATGAAAAAATAGTTTGGTCAAATTATTTTTTTCAGAATTA
                                                                  

  481 ATTGTAGGCAAAATTTTTTTTATTCTTTATCCAACCTATGTGGCAGTCTGTTGTTTAATC
                                                                  

  541 TGAAGAAATTTCCCAGGGAGCAGAAGTTGTTTATGTCCCAGGAATAGTTTTTGAATAATT
                                                                  

PRIMER PICKING RESULTS FOR hsensembl exon 18

OLIGO            start  len      tm     gc%   any    3' seq 
LEFT PRIMER        194   27   57.41   22.22  5.00  3.00 TGACACATAAGAATTTTGTAATCATTT
RIGHT PRIMER       428   24   58.62   37.50  6.00  3.00 TGTGCTATGCCACAATATCTGTAT
SEQUENCE SIZE: 540
INCLUDED REGION SIZE: 540

PRODUCT SIZE: 235, PAIR ANY COMPL: 6.00, PAIR 3' COMPL: 3.00
TARGETS (start, len)*: 222,130

    1 TGATTTTGATAGAAGTATGAAAGAAGGTTGGAGAAATGCAGCCACAGGCAAAAACTCATA
                                                                  

   61 GAAAACAAATACCCTTAACTCATTGATAAGTAGGTTTTGATTATGATGCAAATACTTTTC
                                                                  

  121 AGTGTTTATTTGCATATTACTCTCAGTTCCTTCACTTTAGTCTGTCTGCCTGTTTTGGGA
                                                                  

  181 AGATGATACAATTTGACACATAAGAATTTTGTAATCATTTTAGGAGTTTAGATGAAATTC
                   >>>>>>>>>>>>>>>>>>>>>>>>>>> *******************

  241 ATCCAACAAGAAGGTCACGTTCTCCAACCAGACACCATGATGCCTCCCGAAGTCCAGTTG
      ************************************************************

  301 ATCATAGAACCAGAGATGTGGATAGTCAGTATTTATCAGAACAAGACAGGTATTTGTCAA
      ***************************************************         

  361 AATTATGATCTCAACGTTATGAATTTTTTGTTCTGTTTTAATATATACAGATATTGTGGC
                                                  <<<<<<<<<<<<<<<<

  421 ATAGCACATTAGAGAGTAAAAGTATTTATCACTCAAAAATGAGCTGCTCTCAAGCAACAA
      <<<<<<<<                                                    
[bookmark: _Toc262188898]  481 CTGTTAACATATTGTAATAGAAATGTAACTCTAGGAAATATTTGGCTAATATTATATTGT

PRIMER PICKING RESULTS FOR hsensembl exon 19

OLIGO            start  len      tm     gc%   any    3' seq 
LEFT PRIMER        198   20   59.94   45.00  5.00  2.00 ACCATTGGCATAACCCATGT
RIGHT PRIMER       407   21   60.25   57.14  3.00  0.00 CCACTAAGGGAGAGACGGAAG
SEQUENCE SIZE: 660
INCLUDED REGION SIZE: 660

PRODUCT SIZE: 210, PAIR ANY COMPL: 3.00, PAIR 3' COMPL: 0.00
TARGETS (start, len)*: 261,84

    1 TGTTTTGTTTTAATATTCTATAAAATCATTTTGAAATACAATGGCAAATCAGCAACAGCT
                                                                  

   61 AGGACTTCAACCATAATATTTGTACTTTATTGTTTAAATTTTTTAAATGCTTTTATGTTT
                                                                  

  121 ATTTTTGTTTAACCTCTCAAGCAAATATGCTAGTGCAGACAATCTGGTTTCTTCCCTTTT
                                                                  

  181 CATGTTTTCATTGGCATACCATTGGCATAACCCATGTCTCATAATTTATCTGTTTCACTC
                       >>>>>>>>>>>>>>>>>>>>                       

  241 ACCACCCATCCTGTCTGTGCAG[TGAGCTTCTTATGCTGCCCAGAGCAAAACGAGGACGAA
                          ****************************************

  301 GTGCAGAATGCCTACATACTACCAGGTAA]ATACAGGGATTTGGTAATGGTGACTGTGTGT
      ********************************************                

  361 GATGACTCTCTTTCCATTCTATTATTCTTCCGTCTCTCCCTTAGTGGTATTATTACAAGC
                                <<<<<<<<<<<<<<<<<<<<<             

  421 AAGTCAAATAAATTTCCCAAGTATTTGAAATTTGTTTTGTTTTATATTGAGGTTATGGAA
                                                                  

  481 AAGGTTCCAAATATATTTCAGTTCCGATTCAGGCTGACTGCTTTGCCATCTGTAGATTCA
                                                                  

  541 AAAATCCAGAGACTAGTGGGCCTCTCTGGGACTGTTTGCGTTCCTAAAACTGAGGAACCA
                                                                  

  601 GTTTCTGCAATTAAAATTCTAAATGCTCACTGTGAGTGCCCCCAACTTTCCCACACATAT
 
 [ ]=ORF                                               

PRIMER PICKING RESULTS FOR hsensembl exon 22

OLIGO            start  len      tm     gc%   any    3' seq 
LEFT PRIMER        262   22   59.88   45.45  5.00  3.00 TCTCTTCTACCACTGGATGCAA
RIGHT PRIMER       469   22   60.02   36.36  6.00  0.00 GGCTGTCATGAAACAAAACAAA
SEQUENCE SIZE: 660
INCLUDED REGION SIZE: 660

PRODUCT SIZE: 208, PAIR ANY COMPL: 3.00, PAIR 3' COMPL: 0.00
TARGETS (start, len)*: 296,94

    1 TTCTGTATCCAGTTTTTTTCATAAGTAGGTGTGATTTAGTCTCATTTTTCAGTCTGAGAC
                                                                  

   61 ACTTTTAAAAATTATGCAAAGCAATTTAAGCATAATCTTTGTTTAGCTTCATTTTCTAAA
                                                                  

  121 CAAAATTTTACACTGTCATTCTGTCAACTCTCTCACACCCTTATGAACTGAATCCCAGTG
                                                                  

  181 ATTCTACATTTTGTGTAAAGGGGACATTATTTTATGCTTTACTCTCTAACATGGTCTTCC
                                                                  

  241 TTTCTTTGTTTTCTCTGTCTTTCTCTTCTACCACTGGATGCAATGCACTGGCACTAGTGA
                           >>>>>>>>>>>>>>>>>>>>>>            *****

  301 ACTGCAGCCCTTTCTTGACAGGGCTAGGAGTGCTAGTACCAACTGCTTGAGACCAGATAC
      ************************************************************

  361 TAGTTTGCATTCACCAGAACGAGAAAGGTATAAAATAAAGACTTTCTTAATTTCTTATCA
      *****************************                               

  421 TTTGTACTAGTGATTTTTTTCAGTCACTTTGTTTTGTTTCATGACAGCCTTACAGGTTTA
                                 <<<<<<<<<<<<<<<<<<<<<<           

  481 TTCATTCATGTATACTTTGCTAACTGTCTACATTTCCCCTTCCCTTATTATACATGTCTA
                                                                  

  541 TTTAGAGATATGCGTATGTGGATAAACCCAAGGGTACACATACACATATTTCTATGAATG
                                                                  

  601 TTGTTGCAAATGGCGTGGTGTAATTTGTAACTGCTTCTGGCTGCTGCTTTTCCCCTTTTG


PRIMER PICKING RESULTS FOR hsensembl exon 24
OLIGO            start  len      tm     gc%   any    3' seq 
LEFT PRIMER        113   23   59.88   34.78  4.00  0.00 TGCCATTTTTCATGTCTATTGTG
RIGHT PRIMER       346   20   59.41   55.00  3.00  2.00 TGAGAGTGACAGCACCCCTA
SEQUENCE SIZE: 540
INCLUDED REGION SIZE: 540

PRODUCT SIZE: 234, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 1.00
TARGETS (start, len)*: 203,76

    1 GTCTTCCACTTGGCACCAATTCTGGTTTTCATTTTATTCATTCATTCATTCATTTATTTG
                                                                  

   61 TTTATTTAGTTTTGAAAAGTACTGACTGACAAAATCATTTAGGTAATATAGTTGCCATTT
                                                          >>>>>>>>

  121 TTCATGTCTATTGTGTTTATCATTGTATGATGTTAATGTAGCTTTATTCATCATATATTT
      >>>>>>>>>>>>>>>                                             

  181 TGTGTTTAACATTTCATTCCACAGGCACTCCAGAAAGTCTGAAAGATCTAGCATCCAAAA
                            **************************************

  241 ACAGACTAGGAAAGGCACTGCCTCTGATGCAGAAAGGTAGGCTTGGTGTTGTGGTGTGCT
      **************************************                      

  301 GACATCTTCCATTTTAGGAATATATTTAGGGGTGCTGTCACTCTCATTTTACATGATCAG
                                <<<<<<<<<<<<<<<<<<<<              

  361 TTCTTAAACACAAATTGTGATGTTTAAAGGCATTCATGTAACTAAACCTACCCCTAAATG
                                                                  

  421 GAAATGATCTCATTGAAGAAGTAAGAGAAGGATAATTTCAAGGCGGTTCTTAAATCTTAG
                                                                  

  481 GGTTTAAAAAATAATTATGTATTTCTCTTAGTGATCATTCTGATTACTAATAAGGATTAA


PRIMER PICKING RESULTS FOR hsensembl exon 32
OLIGO            start  len      tm     gc%   any    3' seq 
LEFT PRIMER        229   25   57.51   40.00  4.00  3.00 GAGTTTCTTTTACTCTCTCCTGTCA
RIGHT PRIMER       439   20   59.97   50.00  4.00  2.00 ACAATTCCTGGTTCCACAGC
SEQUENCE SIZE: 660
INCLUDED REGION SIZE: 660

PRODUCT SIZE: 211, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 1.00
TARGETS (start, len)*: 255,141

    1 TTTCATTTTGGCTGATTGAGATTTAGGCAGTCACTGAAACTGTGGCCATGGCATAGCATC
                                                                  

   61 CAGTGGTACTCCCCTTAGCCAAGCATACTTTGGCAAGGAGCCTGAATCAAGCAAAGTACT
                                                                  

  121 CCCTTAGGTTACTATTTTTCTGATTAAATTTGTAATTATGTGTAAAATTAACTATTGTAT
                                                                  

  181 TTGCAGGATCAATTGATATTCAGGAGTAAACTGTCTAAATAAAACTTAGAGTTTCTTTTA
                                                      >>>>>>>>>>>>

  241 CTCTCTCCTGTCAGAGTCGGGCCACAAAAAGTTAAAAAGTACCATCCAGAGAAGCACAGA
      >>>>>>>>>>>>> **********************************************

  301 AACAGGCATGGCAGCTGAAATGAGAAAGATGGTAAGGCAGCCGAGCCGAGAGTCTACTGA
      ************************************************************

  361 TGGCAGCATCAACAGTTACAGCTCTGAGGGCAAGTAAGTGCTGTCAGCACGTCTGCATGG
      ***********************************                        <

  421 CTGTGGAACCAGGAATTGTGTACTAATCAGTAAGATAACAAAGCCACTGAGTGTTACTGT
      <<<<<<<<<<<<<<<<<<<                                         

  481 GCAGCTTCTCTATTTAATCAGAAGTTCAACCATCCATTTTAAACCACCCTGATGGCTTAT
                                                                  

  541 AAGTAAGTACACATGGACACACCTCTACACCTGGTCATTCATACCTTTCAAAGGGTGAAG
                                                                  

  601 AAATTCTGAGTCCACATGAACAAATTGATTTCTTGCATCTAGGAAAGCCCAGACTAGTTC
                                                                  

PRIMER PICKING RESULTS FOR hsensembl exon 33
OLIGO            start  len      tm     gc%   any    3' seq 
LEFT PRIMER        227   22   59.07   36.36  2.00  2.00 CCTTTGGTTTTTATCCTTTTGC
RIGHT PRIMER       472   22   58.11   40.91  2.00  2.00 TGTTGCTTCTCACTTGTATTGC
SEQUENCE SIZE: 660
INCLUDED REGION SIZE: 660

PRODUCT SIZE: 246, PAIR ANY COMPL: 2.00, PAIR 3' COMPL: 2.00
TARGETS (start, len)*: 253,117

    1 GGTATATTAAAAACTATAACTGAGCCCTCTTGAATAGAGCATTAGGTGTTAAATTGAGAG
                                                                  

   61 TTTACACCTTTCCTCAGTCAATGTTAAGCCTCATATGCTTGGCTCAAAGGCAATGCAAAG
                                                                  

  121 AATCAATTAAAAAAACAGATTGTCTAAGTAATATTTATGTTTCATGATCATAATTAGTCA
                                                                  

  181 AGTGGAAACTAGTGAAAAGAATTCTAGAAGATTTCATGGGTTTTTTCCTTTGGTTTTTAT
                                                    >>>>>>>>>>>>>>

  241 CCTTTTGCTGATAGTTTAATATTTCCTGGAGTGCGACTGGGAGCTGACAGTCAATTCAGT
      >>>>>>>>    ************************************************

  301 GATTTTCTTGATGGATTGGGACCAGCCCAGCTTGTTGGCCGCCAAACCCTTGCCACCCCT
      ************************************************************

  361 GCAATGGGTAAGAATCATTTTTTTTTTCTACAAGAAAATTGATGTTTTGTGTTTGACAAA
      *********                                                   

  421 GTCATTTAAAATATTTAAAATTGTGTAATAGCAATACAAGTGAGAAGCAACATTTTAGCT
                                    <<<<<<<<<<<<<<<<<<<<<<        

  481 ACAGAGTTACTGTTTGCAAACAACTATTCTAATTTCAAGTGCATTTTTCTAATTTGAGAT
                                                                  

  541 GTTATGAAAAAAGAAGTAAAATTAGCTATAAATATTTGAATTACCAGAAACCCTGATATA
                                                                  

  601 ATAGATGTAAATGTAGGACATGGGTGGCATTTCACAGCATGGAAAAAAAAAAAAAAAGAC



PRIMER PICKING RESULTS FOR hsensembl exon 34
OLIGO            start  len      tm     gc%   any    3' seq 
LEFT PRIMER        150   20   60.11   45.00  2.00  0.00 ACGGGCTCTCCTTTTTGTTT
RIGHT PRIMER       361   20   60.43   45.00  4.00  2.00 TCCCTTCACCAAATTCAGGA
SEQUENCE SIZE: 600
INCLUDED REGION SIZE: 600

PRODUCT SIZE: 212, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 2.00
TARGETS (start, len)*: 224,106

    1 ATCTCATAAGAGGTATTAATACCAGAAAAAATAAGAGAATGGTTTCCAAATTTGATTTGG
                                                                  

   61 AAACTGAGAAAGAAAAGTGGATTGTGGAGTGAGGGGTCTAAATATTAGTTTCTTATCAAA
                                                                  

  121 ATCATGAAGATAAAAATCTGTAGTCTGTTACGGGCTCTCCTTTTTGTTTTAACTGCACAT
                                   >>>>>>>>>>>>>>>>>>>>           

  181 AACTGCAAAGAAGCTGAAACACATCTTGCTCCTTTCCATTTGCAGGTGATATACAAATAG
                                                 *****************

  241 GAATGGAGGACAAAAAGGGCCAATTAGAAGTGGAAGTCATTAGAGCACGAAGCCTCACAC
      ************************************************************

  301 AAAAGCCTGGTTCCAAATCTACACCTGGTAAGGAGAAGTATTCCTGAATTTGGTGAAGGG
      *****************************            <<<<<<<<<<<<<<<<<<<

  361 ACTATTTAATAGGCAAACAAATAAAAACATTTGCTGCATTTGAATTTCATATGCTCTGTT
      <                                                           

  421 TTGCATCATCTGATTGATTAAAAAAGCAGTGTTTCTGTGTTCTTTGATGTTATTAAAACG
                                                                  

  481 GATTTGGGTTTTCCTTGCACAGTTATTCTTTCAGAAGGTGTTAGGAAGTATGTTATAATA
                                                                  

  541 TTTTTTTTAAAGTTTAGTTATGGTCGTTTCTTAGCTTGTGTCAATTATTTTCTTTTTGCA
                                                                  


PRIMER PICKING RESULTS FOR hsensembl exon 35
OLIGO            start  len      tm     gc%   any    3' seq 
LEFT PRIMER        159   23   59.66   39.13  7.00  3.00 TCAATGGGAAACTTTCAGTAAGC
RIGHT PRIMER       446   24   59.92   25.00  5.00  0.00 TTTCAATGTAAAAAGCCAAACAAA
SEQUENCE SIZE: 720
INCLUDED REGION SIZE: 720

PRODUCT SIZE: 288, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 0.00
TARGETS (start, len)*: 270,144

    1 CTTTAAGATATAAACCTGCATTGTAACCCAAGTAAGTCAAAGTCTTCAAATAACTTTGTA
                                                                  

   61 TACATTGAGTCAAAATGAGGAAAATGGCAGTAATGGTAACATATAGATTTAAGGAACAGA
                                                                  

  121 ATTTATGGAGCAATGGAAATTTTAAGTAATTTAAACAGTCAATGGGAAACTTTCAGTAAG
                                            >>>>>>>>>>>>>>>>>>>>>>

  181 CATCTCTAATTCTCTAATAGGGAATTCTCTAATTAAAAAAATAGTTGAATTTAAGGAATA
      >                                                           

  241 ATTTCTTATATGTTAATATACCTTTGTTTAGCTCCATATGTCAAAGTATATCTTTTGGAA
                                   *******************************

  301 AATGGGGCCTGTATAGCCAAGAAGAAGACAAGAATTGCACGAAAAACCCTTGATCCTTTG
      ************************************************************

  361 TATCAGCAGTCTCTGGTTTTTGATGAAAGTCCACAGGGTAAAGTTCTTCAGGTCAGTAAT
      *****************************************************       

  421 AGTTTGTTTGGCTTTTTACATTGAAATGTCTGTTTTACCCATACATCGAAGAGATGGTCA
        <<<<<<<<<<<<<<<<<<<<<<<<                                  

  481 AACACAAAGAGAATAAAATTTGGTAAAGATAAATGTAGGATAATATTCTTGAGTAGACAA
                                                                  

  541 AATTCAAATGGTTAGTTTATAATATAAATAATATATAATATCAAAAATATTTGGTGGGTC
                                                                  

  601 TAATAGAGAACAATTTTATTTTATCTCTCTCTCTTCTTGTCTTTTCTCTCTCTATCCTCT
                                                                  

  661 CCTTCTAGCTTTGCCCTGTTCCCAGCCCTCCTCACTCCTCACTAGATAGATAGATGATAA
                                                                  


PRIMER PICKING RESULTS FOR hsensembl exon 36
OLIGO            start  len      tm     gc%   any    3' seq 
LEFT PRIMER        137   22   60.13   40.91  6.00  0.00 TTCGAATGTGAAGCAGAGAGAA
RIGHT PRIMER       436   24   59.53   41.67  4.00  2.00 TTGGAATGACTCTGGTATGAGTTC
SEQUENCE SIZE: 660
INCLUDED REGION SIZE: 660

PRODUCT SIZE: 300, PAIR ANY COMPL: 5.00, PAIR 3' COMPL: 3.00
TARGETS (start, len)*: 191,222

    1 TGTGAAGTGTCTATGAGCACCTTAAGGTTAGTGTATCTTCTTATCTGTGCCTTCTCCTTG
                                                                  

   61 GTGATAGTTGTATTCATTATTCTTTTCCTCTGCTTCACTGACTGGCCCACTTTTACAGCA
                                                                  

  121 TAGTTGCTTTGAGCCCTTCGAATGTGAAGCAGAGAGAAGTCCAGGTAATGTTGCATTTCT
                      >>>>>>>>>>>>>>>>>>>>>>                      

  181 CTATCTCTGCAG[GTGATTGTCTGGGGAGACTATGGCAGAATGGACCACAAATGCTTTATG
                **************************************************

  241 GGTGTGGCTCAGATCTTGTTGGAAGAACTCGACCTGTCCAGCATGGTGATCGGATGGTAC
      ************************************************************

  301 AAATTGTTCCCACCGTCCTCACTGGTGGATCCCACACTCACTCCCCTCACCCGGCGGGCT
      ************************************************************

  361 TCCCAGTCATCTCTGGAAAGTTCAACTGGGCCTCCCTGTATTCGATCATAGT]GAACTCAT
      ****************************************************]<<<<<<<<

  421 ACCAGAGTCATTCCAATAAAACTCTACTTTTCAGGATAATAATCTGAACCAGATATTTCA
      <<<<<<<<<<<<<<<<                                            

  481 TGATCGAAAGCATTGTTGGAGACAGACAATCAACTTGTGTTTTGCCTGTAGTAGTTTTTC
                                                                  

  541 AATAATATGTCCCAATTGTTATTTAAAACATGGCTTCATATGACAGAACAAGGCAATCTA
                                                                  

  601 TCAAATTTACAGGAAGAATCAACATGCTGGTGAGAGTCACTGATGCTTCTAACAAATAGA
                                                                  
  [ ]=ORF 
                                                                       
Internal Primers for exons: 13, 17, 18 & 24
PRIMER PICKING RESULTS FOR Exon 13
OLIGO            start  len      tm     gc%   any    3'   rep seq 
LEFT PRIMER         10   22   58.70   45.45  5.00  1.00 10.00 TGGTATGATAAAGTGGGACACC
RIGHT PRIMER       109   23   59.04   34.78  4.00  1.00 12.00 TTTTTACATAGGGATTTCGAGGA
SEQUENCE SIZE: 131
INCLUDED REGION SIZE: 131

PRODUCT SIZE: 100, PAIR ANY COMPL: 6.00, PAIR 3' COMPL: 1.00

    1 GTGAAGTTGTGGTATGATAAAGTGGGACACCAGCTGATTGTAAATGTTCTGCAAGCAACA
               >>>>>>>>>>>>>>>>>>>>>>                             

   61 GATCTACCTGCTAGAGTAGATGGACGTCCTCGAAATCCCTATGTAAAAATGTATTTTCTT
                                <<<<<<<<<<<<<<<<<<<<<<<           

  121 CCAGATAGAAG
                 

PRIMER PICKING RESULTS FOR Exon 17

OLIGO            start  len      tm     gc%   any    3'   rep seq 
LEFT PRIMER          2   27   58.61   44.44  8.00  2.00 10.00 AGGCTATAGGTCTAGTGCTAGAGAAAG
RIGHT PRIMER       151   20   58.41   40.00  6.00  3.00 10.00 AATGGCACATTTGGTAAACG
SEQUENCE SIZE: 157
INCLUDED REGION SIZE: 157

PRODUCT SIZE: 150, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 0.00

    1 TAGGCTATAGGTCTAGTGCTAGAGAAAGTAAATCTACAACATTAACTGTGCCAGAACAGC
       >>>>>>>>>>>>>>>>>>>>>>>>>>>                                

   61 AAAGAACAACTCATCACCGCTCACGTTCAGTATCTCCTCATCGCGGCAATGATCAGGGAA
                                                                  

  121 AGCCGCGTTCACGTTTACCAAATGTGCCATTACAGAG
                 <<<<<<<<<<<<<<<<<<<<      

PRIMER PICKING RESULTS FOR Exon 18
OLIGO            start  len      tm     gc%   any    3'   rep seq 
LEFT PRIMER         17   20   59.13   50.00  3.00  2.00 10.00 CATCCAACAAGAAGGTCACG
RIGHT PRIMER       120   27   58.30   33.33  5.00  3.00 11.00 TGTTCTGATAAATACTGACTATCCACA
SEQUENCE SIZE: 126
INCLUDED REGION SIZE: 126

PRODUCT SIZE: 104, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 0.00

    1 GAGTTTAGATGAAATTCATCCAACAAGAAGGTCACGTTCTCCAACCAGACACCATGATGC
                      >>>>>>>>>>>>>>>>>>>>                        

   61 CTCCCGAAGTCCAGTTGATCATAGAACCAGAGATGTGGATAGTCAGTATTTATCAGAACA
                                       <<<<<<<<<<<<<<<<<<<<<<<<<<<

  121 AGACAG

PRIMER PICKING RESULTS FOR Exon 24

Using mispriming library humrep_and_simple.txt
Using 1-based sequence positions
OLIGO            start  len      tm     gc%   any    3'   rep seq 
LEFT PRIMER         16   20   60.66   50.00  3.00  2.00 11.00 ATTCCACAGGCACTCCAGAA
RIGHT PRIMER       115   20   59.89   55.00  3.00  0.00 11.00 ACCACAACACCAAGCCTACC
SEQUENCE SIZE: 120
INCLUDED REGION SIZE: 120

PRODUCT SIZE: 100, PAIR ANY COMPL: 4.00, PAIR 3' COMPL: 0.00

    1 TGTGTTTAACATTTCATTCCACAGGCACTCCAGAAAGTCTGAAAGATCTAGCATCCAAAA
                     >>>>>>>>>>>>>>>>>>>>                         

   61 ACAGACTAGGAAAGGCACTGCCTCTGATGCAGAAAGGTAGGCTTGGTGTTGTGGTGTGCT
                                         <<<<<<<<<<<<<<<<<<<<     


RIMS1 second set of exon 35 PRIMERS (PSEUDO EXON)
PRIMER PICKING RESULTS FOR RIMS1_exon35.2

Using mispriming library humrep_and_simple.txt
Using 1-based sequence positions
OLIGO            start  len      tm     gc%   any    3'   rep seq 
LEFT PRIMER       1392   20   59.87   50.00  3.00  1.00 10.00 TTCACCACCAACTCTGCTTG
RIGHT PRIMER      1601   20   60.07   40.00  5.00  2.00 11.00 CTTGCCTGCCAATTTTGATT
SEQUENCE SIZE: 2133
INCLUDED REGION SIZE: 2133

PRODUCT SIZE: 210, PAIR ANY COMPL: 3.00, PAIR 3' COMPL: 0.00

    1 GTAAGGAGAAGTATTCCTGAATTTGGTGAAGGGACTATTTAATAGGCAAACAAATAAAAA
                                                                  

   61 CATTTGCTGCATTTGAATTTCATATGCTCTGTTTTGCATCATCTGATTGATTAAAAAAGC
                                                                  

  121 AGTGTTTCTGTGTTCTTTGATGTTATTAAAACGGATTTGGGTTTTCCTTGCACAGTTATT
                                                                  

  181 CTTTCAGAAGGTGTTAGGAAGTATGTTATAATATTTTTTTTAAAGTTTAGTTATGGTCGT
                                                                  

  241 TTCTTAGCTTGTGTCAATTATTTTCTTTTTGCACACTTAGAAAGGCAAAAGAAAAAAAGA
                                                                  

  301 ATATAGTTCTAATCATAAAAAGGTAACAATGAGCTTTAAGATATAAACCTGCATTGTAAC
                                                                  

  361 CCAAGTAAGTCAAAGTCTTCAAATAACTTTGTATACATTGAGTCAAAATGAGGAAAATGG
                                                                  

  421 CAGTAATGGTAACATATAGATTTAAGGAACAGAATTTATGGAGCAATGGAAATTTTAAGT
                                                                  

  481 AATTTAAACAGTCAATGGGAAACTTTCAGTAAGCATCTCTAATTCTCTAATAGGGAATTC
                                                                  

  541 TCTAATTAAAAAAATAGTTGAATTTAAGGAATAATTTCTTATATGTTAATATACCTTTGT
                                                                  

  601 TTAG[CTCCATATGTCAAAGTATATCTTTTGGAAAATGGGGCCTGTATAGCCAAGAAGAAG
                                                                  

  661 ACAAGAATTGCACGAAAAACCCTTGATCCTTTGTATCAGCAGTCTCTGGTTTTTGATGAA
                                                                  

  721 AGTCCACAGGGTAAAGTTCTTCAG]GTCAGTAATAGTTTGTTTGGCTTTTTACATTGAAAT
                                                                  

  781 GTCTGTTTTACCCATACATCGAAGAGATGGTCAAACACAAAGAGAATAAAATTTGGTAAA
                                                                  

  841 GATAAATGTAGGATAATATTCTTGAGTAGACAAAATTCAAATGGTTAGTTTATAATATAA
                                                                  

  901 ATAATATATAATATCAAAAATATTTGGTGGGTCTAATAGAGAACAATTTTATTTTATCTC
                                                                  

  961 TCTCTCTTCTTGTCTTTTCTCTCTCTATCCTCTCCTTCTAGCTTTGCCCTGTTCCCAGCC
                                                                  

 1021 CTCCTCACTCCTCACTAGATAGATAGATGATAAATAGATAGATAGAGATATGTCCTCACT
                                                                  

 1081 AGATAGATAGATGATAGATAGATACAGATATAGCAAACAAAACAATGTTAATAATAGTTG
                                                                  

 1141 GTTGAGCATTGCTATATACCAAACATGGGGTACAAAGAGGAAGAGGGAGAGGAAAAGAGA
                                                                  

 1201 AGTGTGCAGACACCAGCAAATATTGAGCCCTGGTGGAGTACCAGATGCATTTCTAGGTGC
                                                                  

 1261 TTATATACATTATTTAAATTTTGTAACTAACATGTGCAATAAGTATCATTATCCCCATTT
                                                                  

 1321 TAAAGATTATGTCTGAGATTCAAGAGGTAAAGTAATTTCACAAAATTACTCAGTAAATTT
                                                                  

 1381 TAAAGACATGATTCACCACCAACTCTGCTTGTGTAAAACAGGTGAATGAGTTCAGTTGAG
                 >>>>>>>>>>>>>>>>>>>>                             

 1441 AACCTTTACAGACGACTGAAGTATTAGAAAATAGAACCTGGGAGTATGTGAAATGGAAGG
                                                                  

 1501 CTTGTCTGACACTAGTAGCCAATAGAAGTTGACCTAGATTGTGGTAATTTTTAATGATCT
                                                                  

 1561 AATTGAAATATTAATCATCTAAATCAAAATTGGCAGGCAAGTCCTCAAAAGGTACCAGCT
                           <<<<<<<<<<<<<<<<<<<<                   

 1621 CACAATTATTTTTTGACCTACCCCTTCACTAAAAAGACCATAATACGAAAGAAATCAAAT
                                                                  

 1681 GAATACTCTCATTCTTTGTACATACTTTCTGGTACATACATTCCATGGTATACTGAGTTG
                                                                  

 1741 GATTGCTCATCTTGCCCTCCTAAATTGCACAAATTTTAATTTTTAGATTTTTATGGTCCT
                                                                  

 1801 GTACATCGCTAATTAGATAGTAGTTACACAAGAAAGGTGTTGCATTCATATAAAAATACT
                                                                  

 1861 CTTATGTATTTATTTCTTTAACATGGCTTATGTAGCTAATACTCCTCATTGACTAGGAAC
                                                                  

 1921 ACACAATCCTTCATTCCATCAGACTAAAATTATTGTGAAGTGTCTATGAGCACCTTAAGG
                                                                  

 1981 TTAGTGTATCTTCTTATCTGTGCCTTCTCCTTGGTGATAGTTGTATTCATTATTCTTTTC
                                                                  

 2041 CTCTGCTTCACTGACTGGCCCACTTTTACAGCATAGTTGCTTTGAGCCCTTCGAATGTGA
                                                                  

2101 AGCAGAGAGAAGTCCAGGTAATGTTGCATTTCT
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[bookmark: _Toc262188900]Raw Data for Phylogeny   


>hs_orig35pcrproduct
GTCAATGGGAAACTTTCAGTAAG
CATCTCTAATTCTCTAATAGGGAATTCTCTAATTAAAAAAATAGTTGAATTTAAGGAATA
ATTTCTTATATGTTAATATACCTTTGTTTAGCTCCATATGTCAAAGTATATCTTTTGGAA
AATGGGGCCTGTATAGCCAAGAAGAAGACAAGAATTGCACGAAAAACCCTTGATCCTTTG
TATCAGCAGTCTCTGGTTTTTGATGAAAGTCCACAGGGTAAAGTTCTTCAGGTCAGTAAT
AGTTTGTTTGGCTTTTTACATTGAAATGTCTGTTTTACCCATACATCGAAGAGATGGTCA

>hs_pseudoexon35
AACAATGTTAATAATAGTTGGTTGAGCATTGCTATATACCAAACATGGGGTACAAAGAGG
AAGAGGGAGAGGAAAAGAGAAGTGTGCAGACACCAGCAAATATTGAGCCCTGGTGGAGTA
CCAGATGCATTTCTAGGTGCTTATATACATTATTTAAATTTTGTAACTAACATGTGCAAT
AAGTATCATTATCCCCATTTTAAAGATTATGTCTGAGATTCAAGAGGTAAAGTAATTTCA
CAAAATTACTCAGTAAATTTTAAAGACATGATTCACCACCAACTCTGCTTGTGTAAAACA
GGTGAATGAGTTCAGTTGAGAACCTTTACAGACGACTGAAGTATTAGAAAATAGAACCTG
GGAGTATGTGAAATGGAAGGCTTGTCTGACACTAGTAGCCAATAGAAGTTGACCTAGATT
GTGGTAATTTTTAATGATCTAATTGAAATATTAATCATCTAAATCAAAATTGGCAGGCAA
GTCCTCAAAAGGTACCAGCTCACAATTATTTTTTGACCTACCCCTTCACTAAAAAGACCA
TAATACGAAAGAAATCAAATGAATACTCTCATTCTTTGTACATACTTTCTGGTACATACA
TTCCATGGTATACTGAGTTGGATTGCTCATCTTGCCCTCCTAAATTGCACAAATTTTAAT
TTTTAGATTTTTATGGTCCTGTACATCGCTAATTAGATAGTAGTTACACAAGAAAGGTGT
TGCATTCATATAAAAATACTCTTATGTATTTATTTCTTTAACATGGCTTATGTAGCTAAT
A



>gorGor35
GTGTTAGGAAGTATGTTATAATATTTTTTTAAAGTTTAGTTATGGTCGTTTCTTAGCTTG
TGTCAATTATTTTCTTTTTGCACACTTAGAAAGGCAAAAGAAAAAAAGAATATAGTTCTA
ATCATAAAAAAGGGAACAATGAGCTTTAAGATATAAACCTGCATTGTAACCCAAGTAAGT
CAAAGTCTTCAAATAACTTTGTATACATTGAGTCAAAATGAGGAAAATGGCAGTAATGGT
AACATATAGATTTAAGGAACAGAATTTATGGAGCAATGGAAATTTTAAGTAATTTAAACA
GTCAATGGGAAACTTTCAGTAAGCATCTCTAATTCTCTAATAGGGAATTCTCTAATTAAA
AAAATAGTTGAATTTAAGGAATAATTTCTTGTATGTTAATATACCTTTGTTTAGCTCCAT
ATGTCAAAGTATATCTTTTGGAAAATGGGGCCTGTATAGCCAAGAAGAAGACAAGAATTG
CACGAAAAACCCTTGATCCTTTGTATCAGCAGTCTCTGGTTTTTGATGAAAGTCCACAGG
GTAAAGTTCTTCAGGTCAGTAATAGTTTGTTTGGCTTTTTACATTGAAATGTCTGTTTTA
TCCATACATCGAAGAGATGGTCAAACACAAAGAGAATAAAATTTGGTAAATATAAATGTG
GGATAATATTCTTGAGTAGACAAAATTCAAATGGTTAGTTTATAATATAAATAATATATA
ATATTAAAAATATTTGGTGGATCTAATAGAGAACAATTTTATTTTATCTCTCTTTCTCTC
TTCTTGTCTTTTCTCTCTCTATCCTCTCCTTCTAGCTTTGCCCTGTTCCCAGCCCTCCTC
ACTCCTCACTAGATAGATAGATGATAAATAGATAGATAGAGATATATCCTCACTAGATAG
   ATAGATGATAGATAGATACAGAT


>hs35
GTGTTAGGAAGTATGTTATAATATTTTTTTTAAAGTTTAGTTATGGTCGTTTCTTAGCTT
GTGTCAATTATTTTCTTTTTGCACACTTAGAAAGGCAAAAGAAAAAAAGAATATAGTTCT
AATCATAAAAAGGTAACAATGAGCTTTAAGATATAAACCTGCATTGTAACCCAAGTAAGT
CAAAGTCTTCAAATAACTTTGTATACATTGAGTCAAAATGAGGAAAATGGCAGTAATGGT
AACATATAGATTTAAGGAACAGAATTTATGGAGCAATGGAAATTTTAAGTAATTTAAACA
GTCAATGGGAAACTTTCAGTAAGCATCTCTAATTCTCTAATAGGGAATTCTCTAATTAAA
AAAATAGTTGAATTTAAGGAATAATTTCTTATATGTTAATATACCTTTGTTTAGCTCCAT
ATGTCAAAGTATATCTTTTGGAAAATGGGGCCTGTATAGCCAAGAAGAAGACAAGAATTG
CACGAAAAACCCTTGATCCTTTGTATCAGCAGTCTCTGGTTTTTGATGAAAGTCCACAGG
GTAAAGTTCTTCAGGTCAGTAATAGTTTGTTTGGCTTTTTACATTGAAATGTCTGTTTTA
CCCATACATCGAAGAGATGGTCAAACACAAAGAGAATAAAATTTGGTAAAGATAAATGTA
GGATAATATTCTTGAGTAGACAAAATTCAAATGGTTAGTTTATAATATAAATAATATATA
ATATCAAAAATATTTGGTGGGTCTAATAGAGAACAATTTTATTTTATCTCTCTCTCTTCT
TGTCTTTTCTCTCTCTATCCTCTCCTTCTAGCTTTGCCCTGTTCCCAGCCCTCCTCACTC
CTCACTAGATAGATAGATGATAAATAGATAGATAGAGATATGTCCTCACTAGATAGATAG
ATGATAGATAGATACAGATATAG


>MMUL35
AAGGTGTTAGGAAGTATGTTATAATATTTTTTAAAGTTTAGTTATGGTTGTTTCTTAGCT
AGTGTCAATTATTTTCTTTCTGCACATTTAGAAAGGCAAAAGAAAAAAAGAATATATTCT
AATTGTAAAAGGGGAACAATGAGCTTTAAGATATAAACCTGCATTGTAACCCAAGTAAGT
CAACATCTTCAAATAACTTTGTATACATTGAATCAAAATGAGGAAAATGGCAGTAATGGT
AACATATAGATTTAAGGAATAGAATGTATGGAGCAATGAAAATTTTAAGTAATTTAAACA
GTCGATGGGAAACTTTCAGCAAGCATCTCTAATTCTCTAATAGGGAATTCTCTAATTAAA
AAAACAGTTGAATTTAAGGAATAATTCTTGTATGTTAATATAACTTTGTTTAGCTCCATA
TGTCAAAGTATATCTTTTGGAAAATGGGGCCTGTATAGCCAAGAAGAAGACAAGAATTGC
ACGAAAAACCCTTGATCCTTTGTATCAGCAGTCTCTGGTTTTTGATGAAAGTCCACAGGG
TAAAGTTCTTCAGGTCAGTAATTGTTTGGCTTTTTACATTGAAATGTTTGTATTATTCAT
ATATCAAAGAGATGGTAAAACACAAAGAGATAAATGTAGGATAATATTCTTGAGTAGAAG
AAATTCAAATGGTTAGTTTATAATGTAAATAATGTATAATATTAAAAATATTTGGTGGAT
CTAATAGAGAACAATTTTATTTTATCTCTCTCTCTTCTTTTCTTTTCTGTCTCTATCCTC
TCCTTCTAGCTTTGCCCTGTTCCCACCCCTCCTCACTCCTCACTAGATAGATAGGTATAA
ATAGATAGAGATGTATCCTCACTAGATAGATAGGTATAAATAGATAGAGATATATCCTCA
CTAGATAGCTAGATGA

>mm35
TGGATCTGGGATTTCTTTGCATAATCATTCTGTTGAGACGTACTAGGGAAATGCTGTGAT
TATTTAAAAATAATTATAGCCATTTCTTATACTAAATATTTGTTCTACAAACCTAAAACT
ACAAAAGAAAAAGCATTGAGGTATAAGATGTGGACCTCCATTTTCATGCCAGCCCTGACT
TAAGTAAATGAGTTAAGGTGACTTCAGGGACACTTATTTGACAGGAGAAAAATCACAGCA
GTGGTGATGGATGCATTTTAAGGAGTCAGATGTTCAGAGCGATGGACATGTATATAGCAG
TTTAAGGTACATCTAATAAGAACCTCCAATCCTGTAAGGCTTGGACTAATAAAAATAGAA
TTCCAGCAATATGTTTTTATATGTCTGCTCATCTTGGTCTAGCTCCCTATGTGAAAGTTT
ATCTTTTGGAAAATGGAGCCTGTATTGCCAAAAAGAAGACAAGAATTGCACGGAAAACTC
TCGATCCCTTGTATCAGCAGTCCCTGGTTTTTGATGAAAGTCCACAGGGTAAAGTTCTTC
AGGTCAGTAAACTTTGCTTGGTTAATTACACTGTGATATCTATTAGCTCATTGAAGACGT
GGACAGCATTTAGGAAAATCTGTTCAGTAAAGCCTAGCTTATTAATGTCCATGAGTAGAA
AGATAGAAACTGGTCAGTTTATAGTACAGTATGTATGGCGTTAAGAATATCTGATGTATA
TAGTGTGAAGAAACAAAATGCAACATCTTTCTCTTTTCTTCTTTGTCTCTATACTCTGCA
ATCCTTAACCTTTTTCCTCTTCTTGATACATAGCTGTAAAGAATATAGATAATATAGAGT
TAGATAATACGTACTACTGGTAATAATATGGATGATAGAATATAGATAGATGATTATAGA
TAAGT


>CHIMP35
GTGTTAGGAAGTATGTTATAAAATTTTTTTTAAAGTTTAGTTATGGTCGTTTCTTAGCTT
GTGTCAATTATTTTCTTTTTGCACACTTAGAAAGGCAAAAGAAAAAAAGAATATAGTTCT
AATCATAAAAAGGGAACAATGAGCTTTAAGATATAAACCTGCATTGTAACCCAAGTAAGT
CAAAGTCTTCAAATAACTTTGTATACATTGAGTCAAAATGAGGAAAATGGCAGTAATGGT
AACATATAGATTTAAGGAACAGAATTTATGGAGCAATGGAAATTTTAAGTAATTTAAACA
GTCAATGGGAAACTTTCAGTAAGCATCTCTAATTCTCTAATAGGGAATTCTCTAATTAAA
AAAATAGTTGAATTTAAGGAATAATTTCTATATGTTAATATACCTTTGTTTAGCTCCATA
TGTCAAAGTATATCTTTTGGAAAATGGGGCCTGTATAGCCAAGAAGAAGACAAGAATTGC
ACGAAAAACCCTTGATCCTTTGTATCAGCAGTCTCTGGTTTTTGATGAAAGTCCACAGGG
TAAAGTTCTTCAGGTCAGTAATAGTTTGTTTGGCTTTTTACATTGAAATGTCTGTTTTAT
CCATACATCGAAGAGATGGTCAAACACAAAGAGAATAAAATTTGGTAAAGATAAATGTAG
GATAATATTCTTGAGTATACAAAATTCAAATGGTTAGTTTATAATATAAATAATATATAA
TATCAAAAATATTTGGTGGGTCTAATAGAGAACAATTTTATTTTATCTCTCTCTCTTCTT
GTCTTTTCTCTCTCTATCCTCTCCTTGTAGCTTTGCCCTGTTCCCAGCCCTCCTCACTCC
TCACTAGATAGATAGATAATAAATAGATAGATAATGTCCTCACTAGATAGATAGATGATA
GATAGATACAGATATAGCAAAC


>pongo35
TTCTTAGCTTGTGTCAATTATTTTCTTTTTGCACACTTAGAAAGGCAAAAGAAAAAAAGA
ATATAGTTCTAATCATAAAAAGAGAACAATGAGCTTTAAGATATAAACCTGCATTGTAAT
CCAAGTAAGTCAAAGTCTTCAAATAACTTTGTATATACATTGAGTCAAAATGAGGAAAAT
GGCAGTAATGGTAACGTATAGATTTAAGGAACAGAATTTATGGAGCAATGGAAATTTTAA
GTAATTTAAACAGTCAATGGGAAACTTTTAGTAAGCATCTCTAATTCTCTAATAGGGAAT
TCTCTAATTAAAAAAATAGTTGAATTTAAGGAATAATTTCTGATATGTTAATATACCTTT
GTTTAGCTCATGTTAATATACCTTTGTTTAGCTCCATATGTCAAAGTATATCTTTTGGAA
AATGGGGCCTGTATAGCCAAGAAGAAGACAAGAATTGCACGAAAAACCCTTGATCCTTTG
TATCAGCAGTCTCTGGTTTTTGATGAAAGTCCACAGGGTAAAGTTCTTCAGGTCAGTAAT
AGTTTGTTTGGCTTTTTACATTGACATGTCTGTTTTATCCATACATCGAAGAGATGGTCA
ATCACAAAACCCCCTCTCTTATTAAAGAGGTTGGTAAAGATAAATGTAGGATAACATTAT
TGGCCCTTTTACGGAAAATTCAAATGGTTAGTTTCTAATATAAATAATGTATAATATTAA
AAANNNNNNNNNNTTAATTTCCTTGAAGTTAGAACAAAAATTTCAAAATGGTTAAGTTTA
TAAATATAAAATAATGTATAATATTAAAAATATTTGGTGGATCTAATAGAGAACAATTTT
ATTTTATCTCTCTCTCTTCTTGTCTTTTCTCTCTCTATCCTCTCCTTCTAGCTTTGTCCT


>gorGorpseudoexon35
AACAATGTTAATAATAGTTGGTTGAGCATTGCTATATACCAAACACGGGGTACAAAGAGG
AAGAGGGAGAGGAAAAGAGAAGTGTGCAGACACCAGCAAATATTGAGCCCTGGTGGAGTG
CCAGATGCATTTCTAGGTGCTTATATACATTATTTTAATTTTGTAACTAACATGTGCAAT
AAGTATCATTATCCCCATTTTAAAGATAATGTCTGAGATCCAAGAGGTAAAGTAATTTCA
CAAAGTTACTCAGTAAATTTTAAAGACGTGATTCACCACCAACTCTGCTTGTGTAAAACA
GGTGAATGAGTTCAGTTGAGAACCTTTACAGACAACTGAAGTATTAGAAAACAGAACCTG
GGAGTATGTGAAATGGAAGGCTTGTCTGACACTAGTAGCCAATAGAAGTTGACCTAGATT
GTGGTAATTTTTAATGATCTAATTGAAATATTAATCATCTAAATCAAAATTGGCAGGCAA
GTCCTCAAAAGGTACCAGCTCACAATTATTTTTTGACCTACCCCTTCACTAAAAAGACCA
TAATACGAAAGAAATCAAATGAATACTCTCATTCTTTGTACATACTTTCTGGTACATACA
TTCCATGGTATACTGAGTTGGATTGCTCATCTTGCCCTCCTAAATTGCACAAATTTTAAT
TTTTATATTTTTATGGTCCTGCACGTCGCTAATTAGATAGTAGTTACACAAGAAAGGTGT
TGCATTCATATAAAAATAATCTTATGTATTTATTTATTTAACATGGCTTATGTAGATAAT





>Macquepseudoexon35
ATAGATAGAGATATATCAAACAAAACAATGCTAATAATAGCTGGTTGAGCATTGCTCTCT
GCCAAACATGGGATACAAAGAGGAGGAGGGAGAGGAGAAGAGAATGGGTCCTGGTTGAAT
GCCAGATGCATTTCTAGGTGCTTATATGCATTATTTAAACTTTGTAACTAACATGCGCAA
TACTATCATTATCCTCATTTTAAAGATTATGTCTGAGATTCAAGAGGTAAAGTAATTTCA
CAAAGTTACTCAGTAAAGTTTAAAGGTGGGATTCACCACCAACTCTGCTTGTATAAAACA
GGTGAATGAGTCCAGTTGGGAACCTTTACAGATGACTGAAGTATTAGAAAATAGAACCCG
GGACTATGTGTAGTGGAAGGCTTGTTTGACACCAATAGCCAATAGAAGTTGACCTAGATT
GTGGTAATTTTTAATGATCGAATTGAAATATTAATCATCTAAATTAAAATTGGCAGGCAA
GTCCTCAAAAGGTACCAGCCCACAATTATTTGTTTGATCTACCCCTTCATTAAAAAGACC
GTAATACAAAAGAAATCAAATGAGTACTCTCATTCTTTGTACATACTTTCTTGTACATAC
ATTCCATGGTATACTGAGTTGGATTGCTCATGCTGCCCTCCTAAATTGCACAAATTTTAA
TTTTTATATTTTTATGGTCCTGCACATCGCTAATTAGATAGTAGTTACACAAGAAAGGCG
TTGCATTCATATAAAAATAATCTTATGTATTTATTTCTTTAACATGGCTTATGTAGATAA

>CHIMPpseudoexon35
AACAATGTTAATAATAGTTGGTTGAGCATTGCTATATACCAAACATGGGGTACAAAGAGG
AAGAGGGAGAGGAAAAGAGAAGTGTGCAGACACCAGCAAATATTGAGCCCTGGTGGAGTG
CCAGATGCATTTCTAGGTGCTTATATACATTATTTAAATTTTGTAACTAACATGTGCAAT
AAGTATCATTATCCCCATTTTAAAGATTATGTCTGAGATTCAAGAGGTAAAGTAATTTCA
CAAAGTTACTCAGTAAATTTTGAAGACATGATTCACCACCAACTCTGCTTGTGTAAAACA
GGTGAATGAGTTCAGTTGAGAACCTTTACAGACGACTGAAGTATTAGAAAATAGAACCTG
GGAGTATGTGAAATGGAAGGCTTGTCTGACACTAGTAGCCAATAGAAGTTGACCTAGATT
GTGGTAATTTTTAATGATCTAATTGAAATATTAATCATCTAAATCAAAATTGGCAGGCAA
GTCCTCAAAAGGTACCAGCTCACAATTATTTTTTGACCTACCCCTTCACTAAAAAGACCA
TAATACGAAAGAAATCAAATGAATACTCTCATTCTTTGTACATACTTTCTGGTACATACA
TTCCATGGTATACTGAGTTGGATTGCTCATCTTGCCCTCCTAAATTGCACAAATTTTAAT
TTTTAGATTTTTATGGTCCTGTACATCGCTAATTAGATAGTAGTTACACAAGAAAGGTGT
TGCATTCATATAAAAATACTCTTATGTATTTATTTCTTTAACATGGCTTATGTAGATAAT
A

>pongopseudoexon35
AACAATGTTAATAATACTTGGTTGAGCATTGCTATATACCAAACATTGAGTACAAAGAGG
AAGAGGGAGAGGAAAAGAGAAGTGTGCAGACACCAGCAAATATTGAGTCCTGGTGGAGTG
CCACATGCATTTCTAGGTGCTTATATACATTATTTAAATTTTGTAACTAACATGTGCAAT
AAGTATCATTATCCCCATTTTAAAGATTATGTCTGAGATTCAAGAGGTAAAGTAATTTCA
CAAAGTTACTCAGTAAATTTTAAAGGCGTGATTCACCACCAACTCTGCTTGTGTAAAACA
GGTGAATGAGTTCAGTTGAGAACCTTTACAGATGACTGAAGTATTAGAAGATAGAACCTG
GGAGTATGTGAAATGGAAGGCTTGTCTGACACTAGTAGCCAATAGAAGTTGACCTAGATT
GTGGTAATTTTTAATGATCTAATTGAAATATTAATCATCTAAATCAAAATTGGCAGGCAA
GTCCTCAAAAGGTACCAGCTCACAATTATTTTTGACCTACCCCTTCACTAAAAAGACCAT
AATACGAAAGAAATCATATGAATACTCTCATTCTTTGTACATTCTGGTACATACATTCCA
TGGTATACTGAGTTGGATTGCTCACCTTGCCCTCCTAAATTGCACAAATTTTAATTTTTA
TATTTTTATGGTCCTGCACATCACTAATTAGACAGTAGTTACACAAGAAAGGTGTTGCAT
TCATATAAAAATAATCTTGTGTATTTATTTCTTTAACATGGCTTATGTAGATAATACTC
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The donor was asked to spit in the collection kit untill the
saliva level reached the line as indicated in the 1st picture.

Then we closed the lid holding the tube upright, wearing
gloves (not shown in picture 2). a loud click was heard.
the liquid in the lid was released into saliva.

Lt
f})‘” After all the liquid in the lid had collected in the funnel,
we unscrewed the tube from it
I

After that we screwed the smaller cap tightly on the tube to
close it

Then we shook the capped tube for 5 seconds. The:
funnel was disposed off as biological (hazard) waste.
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