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Top b assay designs for SNP and Indel genotyping

In this tech note we guide you through the 5 top
assay designs for SNP and Indel genotyping, with
suggestions for optimising your assay primers, and
answers to some common FAQs. First, we will review
the basics of Allele-Specific PCR and 3CR Bio's
patented PACE® genotyping chemistry.
Allele-specific PCR (AS-PCR) is a widely used
molecular biology technique for the genotyping of
specific alleles within a population.  With
advancements in PCR technology, allele-specific
genotyping assays have become indispensable tools
for high-throughput, accurate detection of Single
Nucleotide Polymorphisms (SNPs) and
insertions/deletions (Indels) in DNA samples.
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PACE® is 3CR Bioscience's patented genotyping
chemistry  tailored for Allele-Specific  PCR
genotyping. It is based on a polymerase chain
reaction (PCR) with two competing allele-specific
primers and a common reverse primer, coupled with
an endpoint fluorescent measurement. PACE uses a
novel, universal, fluorescent reporting cassette to

produce machine-readable fluorescent signals
corresponding to the genotypes. A video illustrating
Allele-Specific PCR and the PACE reaction

mechanism can be found here.

A PACE genotyping reaction is comprised of two
parts, a custom PACE Genotyping Assay and PACE
Genotyping Master Mix. When combined with
template DNA, these components create the PACE

genotyping reaction.
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Figure 1: Components of a PACE Genotyping Reaction
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The PACE chemistry mechanism of action is
as follows: when PCR is initiated, the allele-

e . _ ) PACE® GENOTYPING
specific primers bind with their 3" ends at the ASSAY
SNP or Indel of interest. Both allele-specific ALLELE-SPECIFIC R EPEGIR (BaHHGH)

primers will bind if the SNP or Indel is  FORWARDPRIMERT(FAM) FORWARDPRIMERZ2(HEX) — REVERSE PRIMER

heterozygous, but only one or the other of the >>> . 7>>: .
primers will bind if the SNP is homozygous. 1 i " CTTTTTTIT T T
At the same time, the common reverse primer \“‘x\ ///

will bind on the opposite strand immediately k Fag

downstream of the SNP or Indel. As PCR M
proceeds, the target is amplified and at the
same time the reporter-tail sequences of the
allele-specific forward primers become
incorporated into the amplicon, and the

corresponding  reporter-tail ~ sequence Figure 2: Components of a PACE Genotyping Assay
complement is generated.

/
C—————
A\

PACE® GENOTYPING
MASTER MIX

COMPONENTS OF PACE MASTER MIX:

EMERATION STRUCTURES
ONE LABELLED WITH

NMITH HEX]

- TAQ POLYMERASE

PACE
2x Genotyping Mast*
Part: 001-0002 ¥
Lot: xexxnnx ©

Figure 3: Components of PACE Genotyping Master Mix
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At this point, the quenched, fluorescent reporting cassettes in the PACE Genotyping Master Mix bind to their
appropriate reporter-tail sequence complements, and as they unfold become unguenched and emit a
fluorescent signal. If the genotype of the target SNP is homozygous, only one of the two fluorescent signals
(FAM or HEX) will be generated, and if the SNP is heterozygous, both fluorescent signals will be emitted and a
mixed fluorescent signal generated. The signal can be detected either on a qPCR machine or with a
fluorescent plate reader (see Figure 4).

384-WELL PCR PLATE
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Figure 4: A typical genotyping cluster plot (A) from a 384-well fluorescent plate read (B) following a SNP
genotyping reaction with PACE Genotyping Master Mix. A red signal is generated from homozygous HEX samples;
a blue signal is generated from homozygous FAM samples; a green signal is generated from HEX/FAM
heterozygous samples. Black samples at the origin are the no-template controls (NTCs).

SNP and Indel Genotyping Assay Designs

SNPs are codominant markers and are highly abundant across the genome. Because of this, they are regularly
used for various genetic analyses, including studies on genetic diversity and population structure, linkage
mapping, quantitative trait loci (QTL) mapping, genome-wide association studies (GWAS), marker-assisted
selection (MAS), and genomic selection. Indels involve the insertion or deletion of nucleotides in a DNA
sequence. Indels are valuable markers for studying genetic diversity, population genetics, disease association
studies, and marker-assisted selection of desirable traits.
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Top 5 SNP and Indel Assay Designs
PACE Genotyping Assays can be designed to discern a wide range of different DNA sequence variants in a
population, including:

1. Biallelic SNPs

2.Single-base Indels

3.Small Indels

4.Large Indels with known junctions

b.Large Indels without known junctions

PACE Multiplex Master Mix offers even more options with up to four targets per reaction, including:
- Two biallelic SNPs in one reaction
- 3 and 4-allele SNPs
- Three target genes + reference/housekeeping gene

Assay design 1: SNP [T/G]

GAAGGTGACCAAGTTCATGCT TTAGCTATACGCATCGATG T NI[NISISST IR R PSR (1 1)!

GAAGGTCGGAGTCAACGGATT TTAGCTATACGCATCGATG G JNNININTItut Iy A RIS (4]

GCGAGTACTCGTAGGCTAACATCGATCGAGACTTTAGCTATACGCATCGATG [T/G] ACGATCTTAGCGATCGTAGATCGGGATCGATCCGATCGATACGAC

CTAGCATCTAGCCCTAGCTA [REUNGHEEILEE
primer

FAM-tailed allele-specific primer 1detects T allele

G/G

HEX-tailed allele-specific primer 2 detects G allele $ o

s | &
Where the genotype is homozygous T/T, the plot position is blue, i.e., = 6
FAM signal only ¥
Where the genotype is homozygous G/G the plot position is red, i.e.,
HEX signal only a ':ﬁ
Where the genotype is heterozygous T/G the plot position is green, i.e., EAM

FAM and HEX mixed signal

3crbio.com 16/10/ 23
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Assay design 2: Single Indel [T/-]

GARGGTGACCAAGTTCATGCT TTAGCTATACGCATCGATG T Allele-specific forward primer 1(FAM)

GAAGGTCGGAGTCAACGGATT TTAGCTATACGCATCGATG # Allele-specific forward primer 2 (HEX)

GCGAGTACTCGTAGGCTARCATCGATCGAGACTTTAGCTATACGCATCGATG [T/ -] ACGATCTTAGCGATCGTAGATCGGGATCGATCCGATCGATACGAC

Common
reverse primer

CTAGCATCTAGCCCTAGCTA

FAM-tailed allele-specific primer 1detects T insertion

HEX-tailed allele-specific primer 2 detects the deletion . T ’/

Where the genotype is homozygous T/T the plot position is blue, i.e., T T/

FAM signal only ¥

Where the genotype is homozygous /T
-/- the plot position is red, i.e., HEX signal only ® ’*
Where the genotype is heterozygous T/- the plot position is green, i.e., FAM

FAM and HEX mixed signal

Assay design 3: Small indel [ACGATCT/]
E} Alele-specific forward primer 2 (HEX)

GAAGGTGACCRAGTTCATGCT TTTAGCTATACGCATCGATG A Allele-specific forward primer 1 (FAM)

TCGTAGGCTAACATCGATCGAGACTTTAGCTATACGCATCGATG [ACGATCT /-] TAGCGATCGTAGATCGGGATCGATCCGATCGATACGAC

GCATCTAGCCCTAGCTAGGCTA MMl BR-N e primer

FAM-tailed allele-specific primer 1 detects the insertion o
-/-

HEX-tailed allele-specific primer 2 detects the deletion > F. 4

L
Where the genotype is homozygous ACGATCT/ACGATCT the plot ACGATCT/-
position is blue, i.e., FAM signal only 4 ACGATCT/
Where the genotype is homozygous ACG.ATCT
-/- the plot position is red, i.e., HEX signal only ® 4
Where the genotype is heterozygous ACGATCT/- the plot position is ik

green, i.e., FAM and HEX mixed signal

dcrbio.com
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Assay design 4: Large Indel with known junctinns|

GRAGGTGRACCRAGTTCATGCT TTTAGCTATACGCATCGATG .ﬁ||E|E-$p'El‘.'ifit forward primEl'? (HEX)...

e e R e i !l ele-specific forward primer 1(FAM)

TCGTAGGCTARCATCGATCGAGACTTTAGCTATACGCATCGATG [ACGATCTCTCTACGEATC TAGEEAT TCTCCAGGACTCGATCCTATATACGAGCTAGC

GATGCCTAGATCCCTAAGAGGT QsrrRIrs primer 2

GATCEACTEAGCTTAGCGGEEGCTATCTATCCT TAGTCEGAGAMAACTACTATAGCCECTAGCTGACTEGETCAGTCTTCTAGCTCEGCATCTATCGATCGATCE
TTARCTTGATCGGAGCEGCGCTCTCGAGCTAGTACTGTAGCAGCTAGCTAGCTAGCTAGCTAGC TAGCTAGCTAGCTAGC TAGCTATAGCATGCTAGCTAGCT
AGACTATCGATTTAGGCATGTACGATCGATCGATCGATCGATCGATCGATCGATCGATCGATCAGTCGAT CGATCGATCGATCGATCGATCGATCGATCGAG
GECTATGGCATGCTATATATC TC TAGAGCTGAAGGAGATCTAGCTAGCAGAGACTCTAGGAGACTGATATCGATATATCGAGTCTAGCGATATCGAGGCGAT
ATCCCTTATAGCTTATCGAGC TCGCATAATCGCCGATCGAC TCCTATATATCCGGGGGATCT) | TAGCGATCGTAGATCGGGATCGATCCGATCGATACGAC

Allele-specific forward primer 2 {HEX) continued Reverse primer 1

527bp insertion sequence with known junction, shown in red

i&llelet-.spemﬂc forward primer 1 with reverse primer 2 detects the o DEL/DEL
insertion.

1
Allele-specific forward primer 2 with reverse primer 1detects the >
deletion 2 "'NSfDEL
Where the genotype is homozygous insertion / insertion, the plot INS/INS
position is blue, i.e., FAM signal only. . .b
Where the genotype is homozygous deletion / deletion, the plot FAM

position is red, i.e., HEX signal only

Where the genotype is heterozygous insertion / deletion, the plot
position is green, i.e., FAM and HEX mixed signal

Did you know?

Customers who have purchased any PACE master mix within the last 24 months can use 3CR Bioscience'’s
free PACE Assay design service. Simply submit your SNP/Indel of interest with flanking sequence and our
scientific team will use 3CR’s optimised design software to design assays for your target sequences and send
you the optimised primer design sequences allowing you to order from your chosen oligo manufacturer. We
also offer full- or partial assay validation options. For further information, see our dedicated assay design
webpage here.

dcrbio.com
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Assay design 5: Large Indel without known junctions

TTTAGCTATACGCATCGATG

GAAGGTCGGAGTCAACGGATT Mlele-specific forward primer 2 (HEX)
TCETAGECTAACATCGATCGAGACT TTAGCTATACGCATCGATGATAGCGTACTACGTAGC TAGCTACGATGCTAGCTAGCTAGCATGCTAGTCGECATTCA

Reverse primer 2

CACATGTGCTAGTCAGCTATATTGCGCGCATGACTGGAC TCGAGC TATCGAT CGACGATCTCGAGCTATACGCGAGAGCCTCTATATCGCGAGAGAGCTTCT
CTCTAGAGCTT[ . ACGATCTCTCTACGGATCTAGGGATTCTCCAGGACTCGATCCTATATACGAGCTAGCGATCTCAGAGCTCTAGCGACGATCTAGAGCGA
GATCGACTGAGCTTAGCGGGGCTAT CTATCCTTAGTCGGAGRAARARCTACTATAGCCGC TAGCTGACTGGTCAGTCTTCTAGCTCGCATCTATCGATCGATCS
TTARCTTGATCGGAGCECECTCTCGAGCTAGTACTGTAGCAGC TAGCTAGCTAGCTAGCTAGC TAGC TAGCTAGCTAGCTAGCTATAGCATECTAGCTAGCT

R e e I e sl = S Allele-specific forward primer 1(FAM)

AGRCTATCGATTTAGGCATGTACGATCGATCGATCGATCGATCGATCGATCGAT CGATCGATCAGTCGATCGATCGATCGATCGATCGATCGATCGATCGAG

TAGTCAGCTAGCTAGCTAGCTA | ECITETECESITTE

GECTATGEECATGCTATATATCTC TAGAGCTGARGGAGATCTAGCTAGCAGAGACTC TAGGAGACTGATATCGATATATCGAGTCTAGCGATATCGAGECGAT
ATCCCTTATAGCTTATCGAGC TCGCATAAT CGCCGATCGACTCCTATATATCCGGGGGATCT.. ] TRGCGATCGTAGATCGGGATCGATCCGATCGATACGAC

Insertion sequence without known junctions in red

Allele-specific primer 2 with reverse primer 2, act as ‘internal ‘?‘. Insertion
reference’ PCR, reporting with HEX = absent
I

Allele-specific primer 1and reverse primer 1 detect the insertion " Insertion
sequence, reporting with FAM present
Where the insertion sequence is not present, the resulting genotype
plot position will be red, i.e., HEX signal only - >

FAM
Where the insert is present, the result will be both FAM and HEX signal

and the plot position would be green

Practical Considerations and Recommendations for Assay Design

1. Successful assay design 2. Any unidentified polymorphisms 3. Understanding homology in the

depends upon the quality of
sequence information. Ideally,
having at least 50 nucleotides
upstream and downstream from
the target SNP site is optimal for
primer design. In some cases,
primer design can be successful
with fewer nucleotides.

near the targeted SNP or Indel of
interest can potentially hinder the
functionality of a PACE genotyping
assay. The more information
available on any neighbouring
SNPs, the more optimal the
design.

dcrbio.com

genome, if known, is valuable. Any
presence of the targeted SNP
elsewhere in the genome may
skew the data. If homology is
identified, discerning any bases
unique to the SNP of interest
nearby will anchor the assay to the
correct SNP and boost its
performance.
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Here are some answers to commonly asked assay design questions:

DO | NEED TO OPTIMISE PACE CYCLING CONDITIONS
FOR DIFFERENT ASSAYS?

Most assays will perform well with the standard
cycling conditions listed in the user guides. There
are some exceptions, such as assays with a very
high GC content or concerns about homology. If you
encounter issues with cycling conditions for
challenging assays, please contact our Technical
Support team. We have extensive experience in
optimising assay designs for complex situations.

HOW DO | SUBMIT MY SEQUENCES FOR THE FREE
PACE ASSAY DESIGN SERVICE?

To request your PACE assay design, fill out the PACE
assay design template and email It directly to 3CR
Bioscience at support@3crbio.com. Any customer
who has purchased any PACE master mix within the
last 24 months is eligible for 3CR Bioscience's free
PACE Assay design service.

Advanced Techniques and Emerging Trends

CAN | USE PACE FOR PRESENCE/ABSENCE OR
ADVENTITIOUS PRESENCE ASSAYS?

Yes, you can use PACE for these applications. The
assays designed for these purposes are not
competitive and do not follow the standard
genotyping assay model. Instead, we design one
assay composed of a (5’ tailed) forward primer and a
reverse primer for detecting one sequence, and
another assay of the same type for detecting the
other sequence. The two assays report using
different fluorophores (FAM and HEX).

HOW LONG DOES IT TAKE TO DESIGN AND VALIDATE
A PACE GENOTYPING ASSAY?

We quarantee a 24-hour turnaround on assay
designs. Additionally, we offer full or partial
validation services where we order and validate your
assays before shipment, which may take longer
based on the project's size and complexity. Our
typical turnaround time for validated assays is 2-4
weeks after receiving the DNA samples.

Beyond straightforward SNP and Indel detection, PACE assays can also be adapted for other applications
such as pathogen detection and the detection of transgenic sequences. Our tailored reaction mixes
accommodate both endpoint and real-time detection, from DNA or RNA (PACE OneStep RT-PCR Master Mix).
PACE master mixes are compatible with all major PCR genotyping platforms, including 96-, 384-, 1536- well
PCR plates, as well as Array Tape®, producing accurate data regardless of the reaction volume. Whether
exploring new avenues in genotyping or embarking on a unique research endeavour we welcome the
opportunity to collaborate and support your projects. Please contact us at support@3crbio.com for
enquiries or support requests.
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