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minutes. Normal cycling was performed for the remaining 2 amplicons, the 

only difference being the Ta of 50°C for exon 1 0 and 47°C for exon 11-13. 

The cycling conditions used were therefore 95°C for 5 minutes, followed by 

30 cycles of {95°C for 30 seconds, T8°C for 30 seconds, 72°C for 30 

seconds} and finally 72°C for 5 minutes. 

Table 2.5 Summary of the optimal PCR parameters used for amplification of 
the RPE65 exons. 

Exon MgC'2 Taq Reaction volume Primer 

1 2mM 1 U lnvitrogen™ Taq 50µ1 20pmol 

2 1.5mM 0.5U lnvitrogen™ Taq 25µ1 10pmol 

3 1.5mM 0.5U GoTaq® 25µ1 10pmol 

4-5 1.5mM 0.5U GoTaq® 25µ1 10pmol 

6 2mM 0.5U lnvitrogen™ Taq 25µ1 10pmol 

7-8 2mM 0.5U lnvitrogen™ Taq 25µ1 10pmol 

9 2mM 0.5U lnvitrogen™ Taq 50µ1 20pmol 

10 2mM 1U GoTaq® 50µ1 20pmol 

11-13 2mM 0.5U lnvitrogen™ Taq 50µ1 20pmol 

14 1.5mM 0.5U lnvitrogen™ Taq 50µ1 20pmol 

PCR products were analysed by electrophoresis after loading 5µ1 PCR 

product with 3µ1 agarose loading dye (Appendix 2) on 2% agarose gels 

containing ethidium bromide (0.4µg/ml) (Appendix 2). Gels were visualised 

by ultraviolet (UV) transillumination, and 0.5µg of DNA size standard was 

included on each gel (Appendix 2). 
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2.3.2 Single stranded conformational polymorphism 

analysis 

Single stranded conformational polymorphism (SSCP) analysis is based on 

the principle that, under nondenaturing conditions, the sequence of a single 

stranded DNA molecule determines the three-dimensional conformation and 

hence the mobility. DNA samples are amplified over the region of interest, 

heat denatured and the single strands separated in a nondenaturing 

polyacrylamide gel. Separation is based on both size and conformation, so a 

difference in electrophoretic mobility, observed as a band shift, indicates a 

sequence variation. The sensitivity ranges from 70 - 95% and depends on 

the electrophoretic conditions used. The sensitivity is also inversely 

proportional to the size of the DNA fragment being analysed. Optimisation of 

parameters such as gel temperature, addition of glycerol or denaturing 

agents, duration of electrophoresis, gel polymer and electrophoresis buffer is 

often required [70-73]. 

DNA from a cohort of 47 individuals with ADRP and 14 with ARRP was 

screened for mutations in RHO using SSCP analysis. Screening had been 

started on some of the samples prior to the start of this project, but all results 

were re-analysed and the screening repeated and completed as necessary. 

Screening of the cohort DNA began using a traditional SSCP technique with 

a vertical polyacrylamide gel system. However, this technique was found to 

require much experimental optimisation of electrophoresis conditions and 

multiple conditions were required to achieve mobility shifts in mutation­

positive controls, as seen in Table 2.6. Generally, 1 0µI of PCR product of 

each sample was heat-denatured at 95°C for 5 minutes in an equal volume 

of SSCP loading dye (Appendix 2), and subsequently cooled on ice for 5 

minutes. The denatured samples were run on two 10% polyacrylamide gels, 

one containing 7.5% urea and one containing 5% glycerol (Appendix 2). 

Polyacrylamide gels containing urea were run using 1.5X TBE 

electrophoresis buffer and gels containing glycerol were run using 0.5X TBE 

electrophoresis buffer (Appendix 2). As an alternative, 0.5X MOE™ gels 
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(BMA, USA) were run with or without 10% glycerol (Appendix 2), using 0.6X 

TBE electrophoresis buffer (Appendix 2). Electrophoresis was performed 

overnight and visualisation was by silver staining (Appendix 2). 

Table2.6 Summary of the optimised electrophoresis conditions for traditional 
SSCP of RHO. 

Mutation Special 
Exon Condition 1 Condition 2 

Control consideration 

1A Thr58Arg Polyacrylam ide + Polyacrylamide + 
Urea, 6 Watts glycerol, 12 Watts 

1B Gly109Arg Polyacrylam ide + 
MDE, 8 Watts Urea, 6 Watts 

2 None Polyacrylamide + MDE+ glycerol, 6 
Urea, 6 Watts Watts 

3 Asp190Asn MDE, 6 Watts 
MDE+ glycerol, 12 

Watts 

Large (402bp) PCR 

4 Lys296Glu Polyacrylamide + MDE+ glycerol, 4 product must be cut 
into 2 fragments 

Urea, 3 Watts Watts 
using BstE/1 enzyme 

prior to SSCP 

5 Pro347Leu Polyacrylamide + MDE, 1 Watt 
Urea, 4 Watts 

DNA from three ADRP individuals and 14 ARRP individuals was screened 

using this traditional SSCP technique, however variations detected were 

frequently inconclusive or not reproducible and samples would occasionally 

not resolve. It was therefore decided to use a different electrophoresis 

system. The unresolved samples were re-screened where required, together 

with the rest of the RHO cohort using the Multiphor™ II electrophoresis 

system (Amersham Pharmacia Biotech, UK). The Multiphor™ II 

electrophoresis system is a two buffer-based, temperature regulated, 

horizontal gel system. This system has a mutation detection rate of 97.5%, 

functions optimally using a single defined SSCP condition and extends 

analysis to larger fragments (500-600bp) [74]. 
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Generally, amplification products of samples were heat denatured as above, 

in an equal volume of Multiphor™ loading dye (Appendix 2). Three microlitres 

was loaded onto a 12% nondenaturing polyacrylamide gel (Appendix 2), and 

electrophoresis was performed on the Multiphor™ II electrophoresis unit, 

using tris borate electrophoresis buffer (Appendix 2). Initially all gels were 

electrophoresed at 15°C, for 90 minutes at 355 Volts. Visualisation was by 

silver staining (Appendix 2). 

When the mutation-positive controls failed to resolve and/or the 

discrimination between wild type and variant sequences was difficult to 

interpret, the gel conditions were further optimised. Parameters altered to 

improve resolution included the duration of electrophoresis (minutes), the 

ratio of PCR product to loading dye prior to heat denaturation of the sample, 

and the temperature at which the electrophoresis is performed. The gel 

temperatures were controlled using a waterbath circulator (Labcon, SA) 

containing water and 1 % SIERRA® antifreeze (Old World Industries, Inc., 

USA). The optimised electrophoresis conditions for the screening of RHO are 

summarised in Table 2.7. 

Table 2.7 Summary of the optimised electrophoresis conditions for 
Multiphor™ II SSCP of RHO. 

Exon PCR product: Duration of Temperature of 
Loading dye ratio electrophoresis electrophoresis 

1A 3µ1: 3µ1 105 minutes 5°C, 9°C and 12°C 
required 

18 3µ1: 3µ1 105 minutes 15°c 
2 3µ1: 3µ1 90 minutes 90c 

3 1µ1: 5µ1 120 minutes 18°C 

4 1µ1 PCR: 2µ1 H2O: 
120 minutes 5°c 3µIdye 

5 3µ1: 3µ1 90 minutes 90c 
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All samples exhibiting variant SSCP profiles were sequenced; however when 

numerous samples appeared to have the same SSCP profiles, one of these 

samples was selected as representative and sequenced. The restriction 

enzyme site altered by that sequence variant was determined, and groups of 

samples with similar SSCP profiles were tested for the presence of that 

variant using the restriction enzyme identified. 

2.3.3 Denaturing high performance liquid chromatography 

Denaturing high performance liquid chromatography (dHPLC) was performed 

using the WAVE® Nucleic Acid Fragment Analysis System (Transgenomic 

Inc, USA). In a dHPLC experiment DNA molecules are bound to a column, 

and are eluted by an increasing concentration of acetonitrile. Size-based 

separation of PCR products is achieved using nondenaturing conditions at 

50°C on the WAVE®, whilst mutation detection is performed using partially 

denaturing conditions. Prior to mutation detection the amplicon sequences 

are analysed using WAVE® software. This software predicts the regions of 

each amplicon that have a 70% helical fraction (i.e. are 70% melted) at a 

specific temperature (Figure 2.1 ). Heteroduplexes have lower affinities for the 

column than homoduplexes and will elute earlier, therefore any variations in 

the melted portion of the amplicon will be detected. Several injections, each 

with a different set of parameters, are often required per amplicon to achieve 

melting across the entire fragment. Separation chemistry is based on the 

sequence and size of the fragment, and the analysis temperature [75, 76). 

The mutation detection application of the WAVE® has a specificity and 

sensitivity exceeding 96%, and works optimally with fragments shorter than 

500bp. 
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Figure 2.1 Melting profile of RPE65 axon 4-5, as predicted by the WAVE® 
software. Several melting domains are present in this fragment. The regions 
from 0- 50bp and 270bp-440bp have a 70% helical fraction at 56.9°C. The 
region from 50-150bp requires a temperature between 57.9°C and 58.goc 
to obtain a 70% helical fraction. The region from 150bp - 270bp requires a 
lower temperature to achieve optimal melting (not shown). 

DNA from 70 individuals was screened for mutations in the RP1 hotspot, and 

DNA from 87 individuals was screened for mutations in the entire coding 

region of RPE65 using dHPLC. Gradient parameters, temperatures and flow 

rates were developed empirically, based on the size and melting profile of 

each of the amplified fragments of RP1 and RPE65. An aliquot of 7-15µ1 of 

each PCR product was heat-denatured at 95°C for 5 minutes, and 

heteroduplex formation was promoted by allowing the tube temperature to 

reach room temperature over 45 minutes. Each sample screened for RPE65 

was mixed with a wild type sample prior to heteroduplexing to ensure 

detection of homozygous variations. Samples were injected onto the dHPLC 

column and mutation detection was performed according to the optimal 

separation conditions listed in Table 2.8. A wild type control was induded for 

each condition in every dHPLC experiment, for comparison with the test 

samples. 
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Table 2.8 Optimised dHPLC conditions for mutation screening of RP1 and 
RPE65. 

Flow Gradient Volume 
Time 

Amplicon Temperature 
rate duration of PCR 

shift (OC) 
(ml/min) (min) injected 

(min) 
(IJI) 

RP1ex4F 54 0.9 4.5 15 0 
56.1 1.5 2.4 15 0.5 

RP1ex4G 54 0.9 4.5 10 0 
54.5 0.9 4.5 7 0 
57.5 0.9 4.5 10 1 

RP1ex4H 55 1.5 2.4 7 0 
56 1.5 2.4 7 0 
57 1.5 2.4 7 0 

RPE65ex1 54.2 1.5 3 9 0 
57.2 1.5 3 9 0 
59.4 1.5 3 9 0 
60.7 1.5 3 12 0 

RPE65ex2 60 1.5 3 9 0 
62 1.5 3 12 0 

RPE65ex3 60.5 1.5 3 9 0 
61.5 1.5 3 9 0 

RPE65ex4-5 56.3 1.5 3 9 0 
57 1.5 3 9 0 

58.3 1.5 3 12 0 
RPE65ex6 54 1.5 3 9 0 

57 1.5 3 9 0 
58.7 1.5 3 12 0 

RPE65ex7-8 55.5 1.5 3 15 0 
56.6 1.5 3 15 0 

RPE65ex9 53 1.5 3 13 0 
55 1.5 3 13 0 

57.5 1.5 3 13 0 
59 1.5 3 13 0 

RPE65ex10 54.5 1.5 3 15 0 
56.5 1.5 3 15 0.5 
57.9 1.5 3 15 1 

RPE65ex11-13 56 1.5 2.6 15 0 
56.9 1.5 2.6 15 0.5 
58.5 1.5 2.6 15 1 
59.5 1.5 2.6 15 1.5 

RPE65ex14 53.4 1.5 3 7 0 
54.6 1.5 3 7 0 
57 1.5 3 7 0 

59.2 1.5 3 7 0 
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All samples exhibiting variant dHPLC elution profiles were sequenced. When 

numerous samples appeared to have the same variant profiles, one of these 

samples was selected as a representative and sequenced. The group of 

samples with similar dHPLC profiles was tested for the presence of that 

variant using a second dHPLC analysis to confirm whether they were in fact 

due to the same sequence variation. In this second dHPLC, termed a "WAVE 

mixing experiment", an equal volume of the PCR product being queried was 

mixed with that of the sequenced variant sample. This mixture was subjected 

to heteroduplex formation and dHPLC analysis with the appropriate gradient 

condition. Lack of additional peaks indicated that sequences of the PCR 

product being queried and the known sample were identical. This highly 

effective WAVE mixing experiment was found to be cost efficient when 

compared to direct sequencing of multiple samples with the same variant, or 

when restriction enzyme digests were not an option [77). 

2.3.4 Sequencing 

DNA samples that exhibited SSCP mobility shifts or variant dHPLC elution 

profiles were characterised by direct sequencing. PCR products were purified 

using the QIAquick® gel extraction kit, QIAquick® PCR purification kit or the 

QIAEX II gel extraction protocol (Qiagen, UK), according to the 

manufacturer's instructions and samples were eluted in a final volume of 30µ1 

distilled water (SABAX water, Adcock Ingram, SA). Purified samples were 

sequenced in both forward and reverse directions, using the same primers 

used for the original PCR. Sequencing reactions were performed using the 

BigDye® terminator cycle sequencing kit version 3.1 (Applied Biosystems, 

USA). Sequencing reactions depended on the quality and sequence of each 

PGR product and were thus optimised on an individual basis. Optimisations 

included altering the amount of template, altering the amount of primer, and 

pe~orming ½ or ¼ BigDye® reactions. The recommended reaction is as 

follows: 3 -10ng purified PCR product, 3 -10pmol primer and 1X BigDye® 

reaction mix in a 20µ1 final reaction volume. 
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Either of the following cycling conditions was used: 

• 96°C for 1 min, followed by 25 cycles of (95°C for 45 sec; 60°C for 4 

min) 

• 96°C for 5 min, followed by 25 cycles of (96°C for 30 sec; 50°C for 15 

sec; 60°C for 4 min) 

After the cycle sequencing reaction, sequence products were purified using 

Centri-Sep columns (Princeton Separations, USA) according to 

manufacturer's instructions. Columns were re-used a maximum of 8 times; 

the columns were prepared using 900µ1 of 6.25% Sephadex G-50 fine 

(Amersham Biosciences, Sweden) as a column gel. Sequencing was 

resolved on an ABI Prism™ 377 or an ABI Prism™ 3100 automated 

sequencer (Applied Biosystems, USA). 

The ABI Prism™ 377 is a polyacrylamide gel-based sequencing system, and 

36cm gels were used. The gels were mixed in a 50µ1 volume containing 36% 

urea, 4% Acrylogel (BDH Laboratory Supplies, England) and 1 X TBE buffer 

and were de-gassed by filtration prior to polymerization (Appendix 2). 

Purified, sequenced samples were dried to a pellet under a vacuum and then 

resuspended in 6µ1 loading dye (Appendix 2). Samples were heated at 95°C 

for 2 minutes and placed on ice, and 1.5µ1 of the sample/loading dye mix was 

loaded onto the gel. Analysis was performed using ABI Prism™ DNA 

Sequencing Analysis Software version 3.4. For sequencing using the 

capillary based ABI Prism™ 3100 system, 5µ1 of purified sequencing reaction 

was added to 7µ1 Hi-Di™ formamide (Applied Biosystems, USA) and heat 

denatured prior to running. Analysis was performed using ABI Prism™ DNA 

Sequencing Analysis Software version 3.7. 

Sequences obtained were analysed for the presence of variations by using 

NCBI BLAST [68] or by aligning the sequences with a reference sequence 

using Clustal W [78] or BioEdit version 7.0.0 [79]. 
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2.3.5 Restriction enzyme digests 

Restriction enzymes digests were performed to verify the presence of a 

particular sequence variant in the DNA of control individuals and/or the family 

of the affected individual in whom the variant was initially detected. Variants 

were analysed using Webcutter 2.0 (http://rna.lundberg.gu.se/cutter2/) to 

determine whether they created or destroyed restriction enzyme sites in 

order for restriction fragment length analysis to be performed. Enzymes were 

purchased from Promega (USA}, Roche Diagnostics (SA}, Boehringer 

Mannheim (Germany) or New England Biolabs (USA). The amount of 

template used and the length of incubation were determined empirically, 

however the buffer used and incubation temperatures were set according to 

the manufacturer's instructions. In accordance with common practice in this 

laboratory, approximately 1 OU of enzyme were used in digestion 

experiments. After independent enzyme titration experiments the number of 

units used for digestions were reduced, in line with the manufacturer's 

guidelines. The conditions for digests are shown in Table 2.9. All digests 

were performed in a final volume of 20µ1 except for Rsa I, Taq I and Ksp I, 

which were performed in a final volume of 25µ1. 

Restriction fragment length analysis was performed by electrophoresis of the 

total volume of digest products, together with 5µ1 agarose loading dye on 2% 

- 3.5% agarose gels containing 0.4µg/ml ethidium bromide (Appendix 2). 

Gels were visualised by UV transillumination, and 0.5µg of DNA size 

standard was included on each gel (Appendix 2). When a higher resolution 

was required, 3µ1 of digest products were loaded together with 3µ1 agarose 

loading dye onto an 8% polyacrylamide gel (Appendix 2), and electrophoresis 

was performed at 355V for 1.5 hours on the Multiphor™ II electrophoresis 

unit, using 1XTBE electrophoresis buffer (Appendix 2). Visualisation was by 

silver staining (Appendix 2). 
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Table 2.9 Summary of the protocols used for the restriction enzyme digests. 

Enzyme Manufacturer Protocol 

Acs I Roche 1 OµI PCR, 1 OU enzyme, Buffer B @ 50°C 
overnight. 

15µ1 PCR, SU enzyme, Buffer C @ 37°C for 1.5 
Alw26 / Promega hours, thereafter an extra SU enzyme added, 

37°C overnight. 

Ban I Promega 17µ1 PCR, 12U enzyme, Buffer G @ 50°C for 4 
hours. 

BstE II Promega 16.8µ1 PCR, 12U enzyme, Buffer D@ 60°C for 
1.5 hours. 

BstX I Roche 15µ1 PCR, 1 U enzyme, Buffer H @ 45°C 
overnight. 

Hsp92 I/ Promega 1 OµI PCR, 1 OU enzyme, Buffer K @ 37°C 
overnight. 

1 OµI PCR, O.SU enzyme, Buffer L@ 37°C for 0.5 
Ksp I Boehringer hours, thereafter an extra 1 U enzyme added, 

37°C 1 hour. 

15µ1 PCR, 2.SU enzyme, Buffer 2@ 37°C for 3 
Mse I NE Biolabs hours, thereafter an extra 2.SU enzyme added, 

37°C overnight. 

15µ1 PCR, 2.SU enzyme, Buffer 2@ 37°C for 3 
Mn/ I NE Biolabs hours, thereafter an extra 2.SU enzyme added, 

37°C overnight. 

15µ1 PCR, 2.SU enzyme, Buffer 4 @ 37°C for 3 
Nia IV NE Biolabs hours, thereafter an extra 2.SU enzyme added, 

37°C overnight. 

1 OµI PCR, O.SU enzyme, Buffer L @ 37°C for 0.5 
Rsa I Promega hours, thereafter an extra 1 U enzyme added, 

37°C 1 hour. 

1 OµI PCR, SU enzyme, Buffer B @ 65°C for 3 
Taq I Roche hours, thereafter an extra SU enzyme added, 

65°C overnight. 
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