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PRIMER DESIGNING AND IN-SILICO PCR
FOR a,, ADRENERGIC RECEPTORS

Neena Roy", Asha Abraham?

Abstract: A previous study from our lab has shown derailment of adrenergic receptors during onset and progression
of Metabolic Syndrome. Hence, gene expression study was proposed to understand the subtype of adrenergic
receptors. Primer designing is the first and foremost step in the gene expression studies. In this work, suitable
primers were designed for SYBR green chemistry and validated using bioinformatics tools to study the adrenergic
receptor subtypes involved during onset and progression of Metabolic Syndrome.
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l. INTRODUCTION

Metabolic Syndrome (MetS) is a cumulative term for various metabolic abnormalities like type 2
diabetes, hyperinsulinemia, dyslipidemia, cardiovascular diseases, hyperglycemia, obesity [1]. MetS
is associated with enhanced sympathetic stimulation resulting in increased secretion of
Norepinephrine, a neurotransmitter [2]acting via adrenergic receptors. Our lab has developed a
mouse model for Metabolic Syndrome [3] by feeding High Fat Simple Carbohydrate (HFSC) diet for
a period of five months. This model displayed characteristic features of MetS [3] along with
hypertrophy of pancreatic islets [4]. Norepinephrine level was significantly higher [5] in this model.
Desensitization of adrenergic receptors along with thepresence of high affinity o adrenergic receptors
was noted during the onset and progression of thesyndrome [6]. Adrenergic receptors in brainstem
and pancreas were studied with the help of radioreceptor assays and it requires a good amount of
sample. It is quite difficult to get ample amount of sample to carry out radioreceptor works using
mouse hypothalamus. In addition to this, radioreceptor assays cannot be used to study the expression
level of the adrenergic receptors. In such cases, gPCR is the method of choice to study the gene
expression as it uses aminimal amount of sample and more experiments can be performed.Thus,
being an invaluable tool for gene expression studies,real time PCR was proposed to study the
expression of the subtype of o adrenergic receptor involved.

a adrenergic receptorsare a subtype of adrenergic receptor, a G-protein coupled receptor. They are
mainly involved in smooth muscle contraction, control of blood pressure, platelet aggregation,
insulin inhibition [7]. The subtypes of a adrenergic receptors are a; and a, which are further
classified into oa, 1p, 01g, O2a, Q2p, @Ndaze. Activation of ay is linked toGq protein which activates
phospholipase which then further downstream acts on calcium channels. But activation of a; is
associated with adecrease in CAMP. Since radioreceptor study has shown the presence of a receptor,
inorder to determine gene expression level of the subtypes ofthea receptor, this work was started
with ap receptor subtype.

gPCR uses fluorescent chemistry to study the variations in the expression levels of the sample. Since
SYBR green dye is non-specific and it binds to double-stranded DNA, designing primers for it is
very critical. The primer pair should not form any kind of secondary structure during the experiment.
Improper designing of primers results in non-specific amplification and primerdimer formation.
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Primer designing has to be followed by In-silico PCR that helps to carry out experimentation with
precision when tissue samples are limited and one cannot afford to take risks. Various bioinformatics
tools are available for primer designing. Choosing the best primers requires choosing the right primer
designing tool. In this work, Primer express 3.0 was used to design the primers and In-silico PCR
was used to validate the specificity of the designed primers. Validation of the primer pairs underwet
lab condition is in progress.

I1.MATERIALS & METHODS

A. Obtaining of sequences
Firstly, the al subtype of adrenergic receptor for Mus musculus was queried in NCBI. First 4
best hits for Mus musculus were selected from the results. The FASTA for the respective gene
coding for the selected hits were downloaded from NCBI.

B. Multiple sequence alignment
The four selected sequences were compared between each other using Clustal Omega of EMBL-
EBI. A phylogenetic tree drawn from Clustal Omega was used to find the conserved region. The
sequence thus derived was put to BLAST, to determine the specificity of thesequence for theap,
adrenergic receptor of Mus musculus.

C. Primer designing and In-silico PCR
Primers were designed using Primer express 3.0 (Thermo Fischer Scientific). Briefly, the
desired sequences were uploaded to the software. Few parameters like primer secondary
structure and amplicon length were changed. Under the primer secondary structure, the max
primer total base pair was changed to 5 and min amplified region length was set to 150 and max
amplified region was set to 200. The changes were saved and the option to pick primers was
clicked. The software gives back the best primers defined by the parameters.

The designed primers were subjected to In-silico PCR using UCSC In-silico PCR [8] and Primer-
BLAST NCBI [9]. For UCSC tool, primer sequences were pasted. Genome and its assembly for
Mouse were selected.The target was given as UCSC gene. Max product length was changed to 200.
This was submitted. For Primer-BLAST, primer pairs were pasted onto the specified column. The
default parameters were taken except for the organism, which was changed to Mus musculus.

I1l. RESULTS & DISCUSSION

4 sequences of 4 different variants of theas, adrenergic receptor were obtained from NCBI (Table 1).
When variants of the sequences are available, it’s better to design primers using conservedregion.
This would avoid the variability in the sequences which might result in non-specific amplification.
Therefore, Clustal Omega was used to determine the consensus region (Fig.1).

Table 1: Accession numbers of 4 sequences of oy, adrenergic receptor obtained from NCBI

NM_007416.4

NM_001284381.1
NM_001284380.1
XM_011248675.2
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=

gi|548923935 | ref |NM_ee1284381.
£i|548923933 |ref|NM_Po1284358.
£i|548923932 |ref |NM_BO7416.4|
¥M_B11248675.2

-

1548923935 | ref|NH_201284381.
gi|548923933 | ref|NN_ea1284330,
gi 548923932 | ref|NM_B87416.4]
XM_811248675.2

e

gi|548923035 |ref|NN_gR1284321,
gi|548923933 | ref | NN_e@1282330.
1548923932 |ref|NM_ga7416.4|
XM_811248675.2

[

1548923935 | ref|NN_8A1284331.
£i|548923933 | ref|NM_e01284380.
gi|548923932 | ref|NM_B07416.4|
XM_811248675.2

e

gi|548923935 |ref|NM_eo1284381.1|
gi|548923933 |ref |NM_201284320.1|
£i|548923932 |ref |NM_BAT416.4|
¥M_811248675.2

£i 548923035 | ref |NM_001284381.1|
£i|548923933 | ref|NM_801284380.1|
£i]548923932 | ref|NM_g07416.4|
XM_911248675.2

=

gi|548923935 | ref |NM_e@1284381.
£i|548923933 |ref|NM_Po1284358.
£i|548923932 |ref |NM_BO7416.4|
¥M_B11248675.2

-

TTTGATCCCGAAGCCAGTTATATAGAAGT - TGCACATCTCTC - - - TEAACCCATERCTTE
AACACCTTTGAAGCCAGTTATGTAGAAGT - TGCACATCTCTC - - - TGAACCCATGECTTG
GLCCEOCCAGGLaCaCCTOACGTGEACCATTARACTTGEAGCTGCCECCTCATCCCCTCT
GLCCEGCCAGGLGIGCCTGACGTGEACCATTAMACTTGEAGCTGCLGCCTCATCCCCTCT

ACTCCAGGAGCCCCCATTAGAGGCOAGCOAGCCGCTEEETGCAGGLAGGCRACGTGITGL
ACTCCAGGAGCCCCCATTAGAGGCOAGCEAGCCOCTEEATGCAGGCAGECRACGTECTGL
CTCCTCCTOCTCCCTCTEACAGGLGAGCGAGC CGCTEEATGCAGGCAGGCGACGTGITGE
CTCCTCCTCCTCCCTCTOACAGGCOAGCOAGCCOCTEEATOCAGGCAGOCEACGTECTGL

CEEGECTAGGCTECCCGGEaCACATEACT TCTCOCCAGEAGUACGCCTCTGRAAAGAAGAL
CEGGLTAGGLTECCCGGROGAGATOACT TCTCGCCAGGAGLACGCLTCTGRAAN
CGEGCTAGGCTECCCGGEAGAGATEACT TCTCGCCAGGAGEACGCCTCTGGH AC
CGEGCTAGGLTECCCGGEGGAGATCACTTCTCGCCAGGAGGACGCCTCTGGAAMG

CACGEAGOGAGCAANGTTTCAGEGCAGCTEAGGAGCTT TR TCGCAGCCCTTCCGAGCCC
CACGEAGEGEAGCAAAGTTTCAGGECAGCTEAGEAGCTTTGGTCGCAGCCCTTCCGAGLCC
CACGEAGGGAGCAAAGTTTCAGGGLAGCTEAGGAGCTTTGGTCGCAGCCCTTCCGAGLCC
CACGEAGOGAGCAAAGTTTCAGGGCAGCTEAGGAGCTT TGO TCGCAGCCCTTCCGAGCCC

AT T T O LT oG TATOCAGGGCGRACTTTAAAATGAATCCCOATCTGRACACCOREC
AATCTCCTCCCT GG TATGRAGGGLGEACTTTAAMATGAATCCCGATCTGRACACCGECC
AATCTCCTOCCTOGCTATOGAGGGCGEACTTTAAAATGAATCCCOATCTGRACACCGRCC
TCTCCTOCCTOGCTATGEAGGGCGEACTTTAAAATGAATCCCOATCTGRACACCGRCC

A ACACATCAGCACCTECCCACTGEGEAGAGTTGAALGATGCCAACTTCACTGGCCCCA
ACAACACATCAGCACCTECCCACTORREAGAGTTGA ATECCAACTTCACTOECOCCCA
ACAACACATCAGCACCTOCCCACTORGEAGAGTTGAAAGATGCCAACTTCACTGECCCCA
ACAACACATCAGCACCTOCCCACTGOEEACAGTTOARAGATGCCAACTTCACTGECCCCA

ACCAGACCTCOAGCAACTCCACACTECCCCAGCTEEACATCACCAGEGLCATCTCTGTGE
ACCAGACCTCOAGCAACTCCACACTGCCCCAGCTGEACGTCACCAGRGLCATCTCTGTGE
ACCAGACCTCOAGCAACTCCACACTGECCCCAGCTGEACATCACCAGRGLCATCTCTGTGE
ACCAGACCTCGAGCAACTCCACACTGCCCCAGCTGEACGTCACCAGEGCCATCTCTGTGE

Figure.1. Results of Clustal Omega showing the conserved region

The conserved region wasthen used to design primers. The software itself checks for any possible
secondary structures like hairpin, self-dimers and cross dimers in each primer pair. The best of all
primer pairs with least secondary structures were chosen. In this case, the forward primer did not
show any kind of secondary structure (Fig.2) but the reverse primer showed self-dimers (Fig.3). The
factors that are to be considered during primer design are primer dimer formation and efficiency.
Primer dimers result in inaccurate quantification of the amplicon by increasing the fluorescence
signal. Therefore, primer pairs have to be designed either without any secondary structure or with
least formation of secondary structure. The efficiency of qPCR reaction should be very high and it
depends again on primer designing. Efficient primer increases the sensitivity and reproducibility of

the reaction [10].
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Figure.2. Forward primer test tool output without any secondary structure formation
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Figure.3. Reverse primer test tool output with self-dimer and without hairpin and cross dimer formation

The designed primers were then tested by In-silico PCR online tool. In-silico PCR tells about the
primer specificity. UCSC In-silico PCR program is quite fast as it uses indexing strategy. The result
from UCSC In-silico tool provides the target’s chromosomal coordinates and amplicon size followed
by the input sequences ofthe forwardand reverse primers. The chromosomal coordinates have a
hyperlinkalong with the starting coordinate, “+” or “~” sign (standing for sense or antisense strand),
and the ending coordinate. The melting temperatures of the input primers are displayedat the end and
it’s calculated based on 50 mM salt and 50 nM annealing oligonucleotide concentrations. The
hyperlink leads to UCSC’s genome browser displaying thegenomic region of the inquired amplicon
with annotated information. In the identified target sequence, the forward and reverseprimers show
in upper case, while mismatch(es), if any, will be inlower case [11].

From the UCSC In-silico tool, the amplicon length was 168bp and Adralb (aip adrenergic receptor)
was identified as the target genomic region (Fig.4). There were three possible hits for the designed
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primers and all were pointing to Adralb as the target sequence. Further clicking on the hyperlink, it
gave the details of the target genomic region (Fig.5).

< C {1 | @ htpsy/genome.ucsc.edu/cgi-bin/ngPer?hgsid=555941635_a8YtRHIGZvcqCaADNQMdABEDboJaveiorg=Mousesdb =mm108uwp_target=mm10KgSeqo&np_f~CGGACGCCCACCAACTA ¥r | @&
232 Apps [ Web Slice Gallery [Y IRCTC (£ Other bookmarks
(2} Genomes  Genome Browser  Tools Mirrors Downloads My Data Help About Us

Ucsc In-Silico PCR

The sequences and coordinates shown below are from UCSC Genes, not from the genome assembly. The links lead to the Genome Browser at the position of the entire target sequence

bp CGGACGCCCACCAACTACT GGAGGCCGTGCAACACA

gttgagcttcacagtectgoce

actgggte:
ETGTGTTECACGGCCTCC

>uch07imz.2_ Adralb:784:951 168bp CGGACGCCCACCAACTACT GGAGGCCGTGCAACACA
CGGACGLCCACCAACTACTtCattgtcaacctggecattgotgacctget
gttgagcttcacagtectgoccttctocgctaccctggaagtgctogget
actgggtge gatgtc
CTGTGTTECACGGLCTCC

>uc@arimy.2_ Adralb:630+797 168bp CGGACGCCCACCAACTACT GGAGGCCGTGCAACACA
CGGACGCCCACCAACTACTtCattgtcaacctggccattgctgacctget
gttgaget tgee cce

£5
ttgatgtc

actggete:
CTGTETTECACGGCCTCC

Primer Melting Temperatures

Forward: 63.4 C cggacgcccaccaactact
Reverse: 63.1 C ggaggccgtgcaacaca
The temperature calculations are done assuming 50 mM sait and 50 nM annealing oligo concentration. The code to calculate the melting temp comes from Primer3.

Figure.4. Output from UCSC In-silico PCR showing three possible hits for the same target genomic region

<« C {1 | @ nupsy//genome.ucsc.edu/cgi-bin/ngTracks?db=mm10&last

i1 Apps [ Web Slice Gallery [3) IRCTC
(3) Genomes  Genome Browser  Tools Mirrors Downloads My Data View Help About Us

UCSC Genome Browser on Mouse Dec. 2011 (GRCm38/mm10) Assembly

move| <<< [ << [ < [ > [>> [>>>|zoomin[15x | 3x | 10x [ base |Zoom out [ 1.5x | 3x | 10x | 100x |

chr11:43,835,693 43,635,860 166 bp. [ enter position. gene symbol or search tems (g0

Er W o [EGRE] W iGesroEe Tmes e TTan WEEEY e |

Click on a feature for details. Click or drag in the base position

move start track to zoom in. Click side bars for track options. Drag side bars or move end
[<]20 |[>] labels up or down to recrder tracks. Drag tracks left or right to new < 20 > ]
position.

Figure.5. Output from the hyperlink showing the target genomic region

A second tool, Primer-BLAST was used for In-silico PCR analysis. Primer-BLAST uses heuristic
approach for alignment. “Specificity of primers” summarizes the templates that have been found
from the designated target (organism and database). Detailed results give the features of the query
primer pair including their sequences, lengths, Tm (melting temperatures), and percentage contents
of GC in primers are listed at the top followed by the identified products. The products are grouped
by the targettemplate they are found in. A description line of a template begins with a “>” sign
followed by its unique identification. Alignment of primers to their target template is shown by a dot
when nucleotides on the template perfectly match with the aligned primer and those mismatched
nucleotides are given as they are in the target reference database. Any gaps that have been
incorporated into the primers or templates will be indicated by “~” signs [11].

Primer-BLAST too gave the similar results like that of UCSC In-silico PCR tool (Fig.6). This
suggests that the designed primer is specific for the target sequences and it has to be validated by wet
lab experiments.



Primer Designing And In-Silico Pcr For a;, Adrenergic Receptors 30

<« C (1 | @ htps/swww.ncbinim.nih.gov/tools/primer-blast/primertool.cgi?ctg_time=14776361348job_key=EnhjNHOGI5YrCtP-xBtHbg4jKyrGI2dGspA *| &
ii2 Apps [ Web Siice Gallery [) IRCTC @:Otherboaks

< PrimerBLAST

» NCBI Primer-BLAST : resuits: Job id=EhjNHOgISYrCtP-x8tHbg4jKyrGI2dGspA more

Input PCR template one
Specificity of primers. Target templates were found in selected database: Refseq mRNA (Organism limited to Mus musculus)
Other reports. > Search Summary

Detailed primer reports

Primer pair 1

Sequence (5'>3) Length Tm GC%  Self complementarity Self 3 complementarity
CGGACGCCCACCAACTACT 19 6194 6316 400 200
GGAGGCCGTGCAACACA 17 60.26 6471 400 1.00

ulus adrenergic receptor, alpha 1b (Adra1b). transcript variant X1, mRNA

receptor. alpha 1b (Adralb). transcript variant 3. mRNA

Figure.6. Output of Primer-BLAST showing detailed primer reports

IVV. CONCLUSION

Bioinformatics tools are very useful in designing primers and in validating them. The suitable
primers for o adrenergic receptors that can be used for SYBR green chemistry were designed by
Primer express 3.0. The designed primers were validated using bioinformatics programs like UCSC
In-silico PCR and Primer-BLAST, NCBI to identify potential problems before the wet lab
experiments.
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