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3. Research Project Report

3.1

3.2

Project Title (maximum 20 words):

Identifying Polymorphisms on Exon 3 of the MRAP Gene as a Predisposing Factor to
Hypertension

Project Lay Summary (copied from application):

High blood pressure affects one in three adults increasing risk of heart attack and
stroke?. Its causes are poorly understood but involve genes, stress and excess
production of the hormone aldosterone. Recent studies suggest a large proportion of
people with high blood pressure are super sensitive to another hormone called ACTH
which causes excess production of aldosterone®. We believe this is due to genetic
differences and so intend to analyse genes associated with ACTH response. This may
enable tests to identify the hyper-responders so they can be treated quickly and
appropriately and reduce their cardiovascular risk.
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3.3

Start Date: 05/08/2019 Finish Date: 06/09/2019

3.4 Original project aims and objectives (100 words max):

3.5

The aim of this project is to identify any polymorphisms present in the third exon of the
gene coding for the MRAP protein.

MRAP is an accessory protein for the ACTH receptor (MC2R) that is required for ACTH to
bind to the receptor and elicit a response. It is hypothesised that potential common
polymorphisms have significant functional effects on the expression of the receptor and
may lead to an increased response to ACTH. This ‘hyper-responsiveness’ may increase
aldosterone secretion, which in turn can increase blood pressure and progress into
essential hypertension.

Methodology: Summarise and include reference to training received in research
methods etc. (250 words max):

53 DNA samples from previously identified hypertensive patients were amplified using
polymerase chain reaction. All samples were taken from the MRC BRIGHT study, who
were selected according to set criteria®. Each sample was purified and DNA
concentration measured using spectrophotometry. Gel electrophoresis was then used
on the purified samples and compared with a DNA ladder to ensure the samples were of
the correct length and that there were no other amplified sequences.

The purified samples were sent for Sanger sequencing to Eurofins MWG Operon
(Germany) and the sequencing results were returned by email. Initially the samples were
sent using a forward sequencing primer only. UGENE software® was used to aligh the
samples against a consensus sequence of the human MRAP gene. The sequences were
analysed by eye against a key which identified abnormalities in the sequence through
comparison of the samples against the consensus and looking at the associated
chromatogram which indicated measured levels of each base at a specific location. The
samples were filtered if their sequence matched less than 50% of the DNA consensus.
Samples containing suspected polymorphisms were sent to Eurofins using a reverse
sequencing primer to establish whether the changes were genuinely polymorphic or
caused by a misreading of the sequencing. The genuine polymorphisms were then
compared against known polymorphisms on the Ensembl Genomic Database to analyse
their frequency in populations and phenotypic outcomes.

All techniques were taught at the Institute of Cardiovascular and Medical Sciences
(ICAMS) and were practised on DNA samples from different studies.



3.6 Results: Summarise key findings (300 words max). Please include any relevant tables or

images as an appendix to this report:

Spectrophotometry showed that there was a wide range of DNA concentrations present

in the sample from 4.4 to 63.8 ng/uL. However, the majority of the samples were of

sufficient quality and quantity to provide reliable sequencing results could be adequately

interpreted.

Gel electrophoresis showed that all of the samples were of the correct length and that

the primers were not amplifying any other region of the genome (see appendix figure

1.1).

Using only the sequences from the forward sequencing primers, 4 potential

polymorphisms were identified (see table 1.1 and appendix figures 1.2 to 1.5).

Supposed Polymorphism

Location (Base Number)

Frequency in Samples (no. out

of 61)
Intronic polymorphism replacing 607 4
aCwithaT
Insertion of T After 258 6
Deletion of up to 3 bases (CCC) 290 to 292 11
Intronic polymorphism replacing 352 4

a T with eitheran Aor C

Table 1.1 — Initial Polymorphisms Suspected Based on Forward Primer Sequencing Samples

Upon analysis and comparison of the samples together with the reverse sequencing

primers, only one of these supposed polymorphisms was present in both the forward

and reverse primer sequences, which was the missense mutation at base number 607.
This was detected by clear peaks in the associated chromatogram. The remaining three
were only present in the forward strand, indicating that secondary structure in the

forward sequence had produced spurious results in certain of the study samples.

The Ensembl database showed that the confirmed polymorphism (rs2254251) has

already been identified with a minor allele frequency (MAF) of 0.118 in European

populations. However, there is no information of any phenotypic consequence of this

polymorphism and there is no evidence that this will affect ACTH response.

There was no variation found within the exon that codes for MRAP, only in the intronic

region immediately outside of the exon (out with base numbers 400 and 516; see figure

1.6). Three samples did appear to have variation in the exon, but this was dismissed as

an artefact of the sequencing process, following further confirmatory sequencing.




3.7 Discussion (500 words max):

This project aimed to identify the presence of common polymorphisms in the third exon
of the gene coding for MRAP as part of a wide initiative to sequence the entire MRAP
and MC2R genes. The results have identified a polymorphism at base number 607 which
has an MAF of 0.033.

The majority of samples used came from the BRIGHT study, a predominantly white
European population, which has an MAF of 0.12. However, this polymorphism is more
common in African and East Asian populations®. With there being a greater degree of
hypertension in Africa than in Europe’, future studies should aim to obtain a group of
samples that shows greater ethnic variation to obtain whether the polymorphism is of
any significance.

63 samples were deemed to be sufficient in order to achieve statistically significant
results. Previous studies have shown that the estimated detection rate for
polymorphisms with a MAF of >5% is 99%, with the detection of all polymorphisms (i.e.
with a MAF of >1%) being an estimated 87%?2.

As the polymorphism is found to a greater degree in the European population as whole
compared to the sample group, this indicates an inadequate representation of the
general population and that a larger sample size is required for future studies if the
findings are to have a more significant impact.

Despite this polymorphism already being recognised, there is no data on its phenotypic
outcome in affected patients, creating the theory that it may result in no significant
changes to normal physiological function. This warrants further investigation by
recreating these genetic sequences in cells and monitoring any notable differences in
their phenotype.

The large variation in the spectrophotometry readings affected the ability to interpret
the sequencing and the chromatograms, due to the lines from the chromatograms
overlapping leading to a misreading in the sequence. This may have been caused by a
problem with DNA amplification or the overall quantity of DNA found in the original,
unamplified samples.

The MRAP gene is composed of 5 exons and the gene coding for MC2R has 2 exons, the
longest of which is 3,603 bases long. Whilst a polymorphism was found in MRAP exon 3,
it is still possible that other, more significant polymorphisms are still to be discovered.
This is still to be carried out by other researchers in the near future.

The only polymorphism was found in intronic material, with none being found in the
exon. With some evidence showing that introns may have more functions than initially
thought?, it is possible that the polymorphism could affect the structure of MRAP.
However, this is unlikely to be to as great a degree as a polymorphism in an exon.
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4. Reflection by the student on the experience and value of the studentship (300 words max):

| feel that the time | spent in ICAMS for 5 weeks across summer has been an invaluable
experience. On the medical curriculum there is not a large amount of laboratory work in
comparison to life sciences degrees, so this placement has given me a very informative
introduction into what a career in research is like and the various difficulties that are
involved.

| was taught various techniques that are seen as standard throughout most research
projects of this nature (e.g. PCR and gel electrophoresis) as well as using bioinformatics,
which has made me appreciate the large role that computers have to play in the field of
medical research. | also learned that even with all the positive aspects, if you make a small
mistake, for example labelling a sample incorrectly, it can be incredibly frustrating to try and
rectify your mistake, which can hold you back in the progress you are making.

| have had an interest in endocrinology since | began to learn about it in my 2" year of
medical school. This placement has both consolidated my knowledge of the various
endocrinological mechanisms behind the control of blood pressure and also made me
seriously consider following a career in the field.



Working with various experts in this field has been a pleasure as they have always been
highly informative when | have any queries regarding the research and always made sure
that there was someone there for me if | needed any assistance.

| would strongly recommend to anyone on the Head of College Scholar’s List Scheme to
apply for the summer studentship as an experience like this will help shape your future if
you are considering a career in research.

5. Dissemination: (note any presentations/publications submitted/planned from the work):

Upon completion of the project, | will collate my findings and those already obtained from
other parts of the project to make a poster that will be presented at the University of
Glasgow Medical Research Conference later this year.

6. Signatures:

Supervisor Date Student Date
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Figure 1.1 — Gel Electrophoresis Displaying Length of the Region Being Amplified in Selected Samples



Reference 21 dna:chromosome chromosome:GRCh38:

Y AB00069004_3F_EF30546741

~ AB00069004_3RPCR_EF30546823

Y CA00265005_3F EF30546854

¥ CA00265005_3R_EF30546855

Y CA00320005_3F_EF30546750

~CA00320005_3RPCR_EF30546821

V¥ GLO0446005_3F_EF30546745

Y GLO0446005_3RPCR_EF30546822
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Figure 1.2 — DNA Sequencing of 4 Samples with a Suspected Intronic Mutation at Base 607

Reference 21 dna:chromosome chromosome:GRCh38:21:32298562:32299477:1:
Consensus:

’ AB00107004_3F_EF30546743
* CAD0286006_3F_FF30546739
* CAD0306003_3F_EF30546740
? CA00319004_3F_EF30546818
* GLOD436004_3F_FF30546736
* GLO0475004_3F_XX_EF30546737
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Figure 1.3 — DNA Sequencing of 6 Samples with a Suspected Insertion at Base 258

Reference 21 dna:chromosome chromosome:GRCh38:21:32298562:32299477:1:
Consensus:

” AB00020005_3F_EF30546789
’ CA00233004_3F_EF30546808
* CAD0288003_3F_EF30546810
” CA00296003_3F_EF30546812
? CA00299005_3F_EF30546814
’ CA00306006_3F_EF30546815
? CA00312004_3F_EF30546817
’ CA00319004_3F_EF30546818
* CAD0355005_3F EF30546819
’ CA00360007_3F_EF30546820
? GLO0464004_3F_EF30546787
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Figure 1.4 — DNA Sequencing of 11 Samples with Suspected Deletions from Bases 290 to 292



Reference 21 dna:chromosome chromosome:GRCh38:21:32298562:32299477:1: GAAATIEAGTGAGGEAGTETEETEEEAGGGG

GAAATCAGTGAGGCAGTCTCCTCCCAGGGGC

cEcEET c cETEchc cEcAc c@f |

GCGCCTGGCTCGAGGCGAGGCTG

Consensus: 320 322 324 326 328 330 332 334 336 338 340 342 344 346 348 350 354 356 358 360 362 364 366 368 370 372 374 376
? AB00107004_3F_EF30546743 — TBGAAATCAGTGAGGCAGTCTCCTCCCAGGGGC GCGCCTGGCTCGAGGCGAGGCTG
’ CA00322003_3F_EF30546747 — OBlGAAATCAGTGAGGCAGTCTCCTCCCAGGGGC GCGCCTGGCTCGAGGCGAGGCTG
? GL00436004_3F EF30546736 — TBGAAATCAGTGAGGCAGTCTCCTCCCAGGGGC GCGCCTGGCTCGAGGCGAGGCTG
’ GLO0459006_3F_EF30546738 — B8GAAATCAGTGAGGCAGTCTCCTCCCAGGGGC GCGCCTGGCTCGAGGCGAGGCTG

Figure 1.5 — DNA Sequencing of 4 Samples with a Suspected Intronic Mutation at Base 358

Reference 21 dna:chromoseme chromosome:GRCh38:21:32298562:32299477:1: féanaEceeTETclecacaTAETAEAGETATGAATAETAEETGGAETATET GGG
ICAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC

Consensus: -

425 428 430 432 434 436 438 440 442 444 446 448 450 452 454 456 458 460 4B2 4B4 486 468 470 472 474 476
>ABOO{120005_3F_EF30546789 — BCAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
’ ABOD023003_3F EF30546771 —~ B CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
? ABO0037004_3F_EF30546766 —~ W CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
>AB00056007_3F_EF30546767 — B CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
’ ABODO58005_3F_EF30546748 —~ I CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
* ABOOD68003_3F_EF30546768 —~ B CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
’ ABO0069004_3F_EF30546741 — 85-CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
’ ABO0O86005_3F_EF30546749 —- W CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
’ ABO0086005_3F_EF30546760 - 05 CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
’ ABOD101008_3F_EF30546765 — S CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
* ABO0103004_3F_EF30546769 —~ B CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
’ ABO0107004_3F_EF30546743 — 177-CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
>CR00247DD3_3F_EF30546734 — 76 CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
’ CAD0266003_3F EF30546755 —~ W CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
? CA00267005_3F_EF30546754 —~ 1 CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
? CA00282007_3F_EF30546742 — B8 CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
’ CAD0283003_3F_EF30546783 — B CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
? CA00286006_3F_EF30546739 —~ W CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
? CA00291003_3F_EF30546759 — 207-CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
)CA00292DDB_3F_EF30546763 — 93 CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
? CAD0296004_3F_EF30546792 — 1B CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
’ CAD0306003_3F_EF30546740 — L CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
* CAD0307004_3F_EF30546782 —~ B CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
>CAC'O32OC)OS_.?F_EF3|‘3546750 — 195- CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
>C400322003_3F_EF30546747 — B CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC
’ CAD0323005_3F EF30546772 —~ I CAACGCCTCTGCCCCATACTACAGCTATGAATACTACCTGGACTATCTGGAC

Figure 1.6 — DNA Sequencing Showing the Absence of Variation within the 3" MRAP Exon



