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F Causes for sequence (dis)similarity in biological meaning

GCAGCGG—----AGCGGGTTGA Seq1
NN R
GCTGCGCCGTGAGCGGGTTGA Seq2
++=++++==—==F 4+ Score
mutation: a nucleotide at a certain location is replaced by another nucleotide

(e.g.: ATA - AGA)

insertion: at a certain location one new nucleotide is inserted in between
two existing nucleotides (e.g.: AA > AGA)

deletion: at a certain location one existing nucleotide is deleted
(e.g.: ACTG - AC-G)

indel: an insertion or a deIYeOJcrlon oot o 3
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EE Advantages of SNP Markers

* Abundantin the genome: SNPs are highly polymorphic, providing numerous
markers for analysis.

* High throughput: Modern genotyping technologies allow for efficient and
cost-effective SNP analysis.

* Co-dominantinheritance: Both alleles can be detected, providing more
precise information.

* Stable: SNPs are generally stable genetic markers.
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Trends in Genetics

Farooq, Muhammad Amijad, et al. "Artificial intelligence in plant

) , : ] https://www.cell.com/trends/genetics/fulltext/S0168-9525%2824%2900167-7#f0005
breeding." Trends in Genetics (2024).
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SNP based marker applications

Cultivar Identification: Hybridity Testing

Seed Purity Testing

Germplasm Purity Testing

 Molecular Breeding: Diversity Analysis: Germplasm Fingerprinting
- Marker-Assisted Selection (MAS): Accelerating and precision in breeding

- Marker Assisted Backcross (MABC)

* Genetic/QTL Mapping: Identifying gene locations
* Genome-Wide Association Studies (GWAS): Identifying trait associated genetic variants

e (Genomic Selection (GS)
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* DNA Sequencing

Molecular marker (SNP based)

* CAPS : Cleaved Amplified Polymorphic Sequences

* KASP (KASPar) : Kompetitive Allele Specific PCR

* PACE : PCR Allele Competitive Extension wT*T onnie
* HRM (High Resolution Melting) AL l!’l.l,lh,ml,, I

* MassArray
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i
E Mass-Detection With The MassARRAY

~—  The MassARRAY is unique technology to detect DNA mutation SNP, Insertion,
“=—~—  Deletion

BENG] The Dalton (Da) is a unit of mass widely used in physics and chemistry.

Unit of Mass

A | A MassARRAY Detection Range 4000 — 9000 Daltons
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Mass-Detection With The MassARRAY svstevs (@)

Single Nucleotide Polymorphism (SNPs) -
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Technology Overview vsrews (@)
Matrix-Assisted Laser Desorption lonization — Time of Flight (MALDI-TOF)

o DNA Irradiation/lonization o DNA Separation

SpectroCHIP Arrays are placed in the MassARRAY
analyzer and the samples are irradiated by a laser.

Samples become ionized (positively charged) and

begin to migrate through the vacuum tube

UV Laser

Matric mixture
after laser irradiation

SpectroCHIP Array with
DMNA analyte matrix mi:-:tureAﬁe’_las_v

— - . BIOSCIENCE

0
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Technology Overview vsrevs (@)
Matrix-Assisted Laser Desorption lonization — Time of Flight (MALDI-TOF)

@ oNAAnalysis

Using arrival times, the software determines the mass
of each DNA ion and generates a mass spectrum to
distinguish among the different genetic targets.

Mass dependent, the DNA analyte ions arrive to the
detector at different speeds leading to different arrival

times (or times of flight).

Lightest lons lon Detector

Arrive First

--4{F SYUX 43D

e o i —t—F———
5700 5750 5800 5850 5900 5950 6000 6050 6100

Heaviest lons
Arrive Last = |

Agena
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Cost-Effective, Targeted Genetic Analysis
Robust, Flexible, and High Throughput

Next Gen
Sequencing
MassARRAY®
Real-Time System
PCR
Actionable

[ Target Panels

..........

¥ o

Cost per mutation

Agena

Single / Selected

: BIOSCIENCE : EXtenSIVe
Gene Testing e Comprehensive
Testing
Single digits 10s —100s 1,000s

Multiplexing

© 2021 Agena Bioscience, Inc. All Rights Reserved. With exception of the MassARRAY®Dx & MassARRAY SARS-CoV-2 Panel, all other products are For Research Use Only. Not for use in diagnostic procedures. Confidential.




Technology Overview
Matrix-Assisted Laser Desorption lonization — Time of Flight (MALDI-TOF)

Single well on a
microtiter plate

Detection and Analysis

MALDI-TOF

Multiplex PCR

Mass




Technology Overview
Matrix-Assisted Laser Desorption lonization — Time of Flight (MALDI-TOF)

e

ol

e

PCR/SAP/Extension Target Sequence Detection Data Analysis

Multiplex end-point PCR Automated analyte Data display

followed by a single base transfer and and report
extension reaction data acquisition generation

96 FORMAT

Run Time: 7 Hrs* Run Time: 90 Mins* Hands-on Time:

Hands-on Time: 23 Min Hands-on Time: 5 Min 5-10 Min
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Analyzer Software : TYPER

Laser
beam

Focusing
devices

Spe—:!r'-:nCHlP

Mass Analyzer

Inte
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Technology Overview
Matrix-Assisted Laser Desorption lonization — Time of Flight (MALDI-TOF)

PATENTED “SPECTROCHIP”




GENOTYPING REACTION : SNP (A/G)

-
PCR Reaction (Amplification)

—=.

10 mer tag\ A

Mass Spectrum

—_-
SAP Reaction

\ 10 mer tag

HyXREIR Baseddrns@imer
c,A,G,T terminators™———— <

-

Single Base Extension

—

10 mer tag \ G

l

\ 10 mer tag

C

Resin Conditioning
Nano-spotting onto SpectroCHIP
Fly on Mass Spec

MASSSPECTROMETRY

PCR : Polymerase Chain Reaction UEP
SAP : Shrimp Alkaline Phosphatase

UEP : Unextension Primer

© 2017 Agena Bioscience, Inc. All Rights Reserved. For Research Use Only. Not for use in diagnostic procedures.
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PCR
REACTION

SAP REACTION

SINGLE BASE
EXTENSION

MASSSPEC
ANALYSIS

Allele 1 Allele 2

Forward PCR primer Forward PCR primer
Syguepe— ’ A R — 5 ’ G - 3
3’ o - T - 5 3 - C - 5’
Genomic DNA - Genomic DNA -
Reverse PCR primer Reverse PCR primer

SAP treatment to dephosphorylate
unincorporated dNTPs

> 2 PCR products 2 e
Extension primer Terminator nucleotides
G A C
—_ —> — T C G

A
Single nucleotide
‘/extension into SNP site \
—> G
C

¥

Extension products

- A
T

—> A —p A —» G
— »G —»G —F*A

Desalt, dispense onto SpectroCHIP® Array

‘ and analyze with MALDI-TOF MS

AG




Key Highlight of MassARRAY

“MULTIPLEXING”

Up to 60 Targets per
a Single Reaction...

Simple Workflow

Ve

PCR/S5AP/Extension PATE NTED
“SPECTROCHIP”

10 Secs / Well (96 Chip)

10 SECONDS

>
96 Sample > 5-10 ng DNA/ Reaction

High accuracy “99.7%”
270laser shots

(30 x 9 random areas) in a
well to optimize lonization

“MULTIPLE USAGE”

shelf life 1 month
in desiccator/ dry cabinet

Separate run
not require batch run



ADVANCED SOFTWARE : TYPER

Minimal Bioinformatics Analysis
Simplified data analysis and reporting. No complex

bioinformatics required.
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CUSTOM PANEL

FREE ONLINE ASSISTANT : CUSTOMIZATION
— | |
v
ge’.]a | ASSAY DESIGN SUITE A  DesignHistory Help Logout
BIOSCIENCE
Ag ma DESIGN TYPE: Genotyping
BIOSCIENCE
Design Name: | Genotyping Example 2 | o Retrieve & Format Sequences View Results @ 0 mins 20 secs
e Find Proximal SNPs View Results @ 1 min 0 sees
2 : —— Current Input: 9
monthathip@lifomics.com
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sessennee
Files:
| File Upload |
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REPORT: EASE INTERPRETATION
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CALL CLUSTER PLOT
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Genetic diversity SNP datasets classification
analysis and identification

Construction of GenOtypmg Genetic
high density SNP

genetic map . . diagnostics
applications

common diseases with multifactor
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|dentification of gene associated with sweetness in corn (Zea mays L.) by

genome-wide association study (GWAS) and development of a functional
SNP marker for predicting sweet corn.

RUANJAICHON, Vinitchan, et al. 2021, Plants,10.6: 1239.
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Article

Identification of Gene Associated with Sweetness in Corn
(Zea mays L.) by Genome-Wide Association Study (GWAS)
and Development of a Functional SNP Marker for Predicting
Sweet Corn
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Abskract: Swestness is an economically important eating quality frait for sweet-com breeding. To
M5 investigate the genetic control of the swestness trait, we conducted 3 genome-wide assocation study
{GWAS) in an association panel consisting of 250 swéet com and waxy com inboed and nicombi-
nant inbred lines (RILs), together with the genotypes obtained from the high-density 600K main:
perotyping singlenucketide polymorphism (SNF) array. GWAS msults identified 12 significanthy
associated SNPs on chromesomes 5, 4.5, and 7. The most associakid SN, AX 9154963, was found
153 2 1079, The candidate gene identi-
was shnanken? {(Zm00001d044129; sh7)

un chromesome 3 with a highly significant pvalue of <
fied within the linkage disequilibrium (L1 of this ma

which encodes ADP-ghucose pyrophosphorylase (AGPase), 2 60 kDa subunit enzyme that affcts
cific to variants in sl wene

starch metabolism in the maize endosperm. Several SNP markers
developed and validated. According to the validation in a set of 81 inbred, RIL, and popular com
varieties, marker Sh2_rs844805326, which was developed on the basis of the SNP at the position 154
i ofsxon 1, was highly efficient in classifying sil-based sweet comn from other types of corn. This
functicmal marker is extremely useful for marker-assisted boeeding in shl-sweet corn improverment
and marketable seed producion.

Keywords maize; kemel swestness; shrunken2; genome-wide association study (GWAS); single-
ruckeotide polymorphisem (SNP)

1. Introduction

Sweet com (Zen mays L wr. nigosa Bonaf) is globally an economically important arop,
and it is widely used for human consumption from beth immature and mature kernels
as fresh, canned, and frozen due to its high sugar content [1-3]. The demand for sweet
comn has been Tising on a yearly basis due to enhanced consumption and the increasing
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Marker detection for plant breeding

Cereal variety identification using MALDI-TOF mass spectrometry
SNP genotyping
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Correct identification of cereal varieties is important
to food quality, safety and authenticity and recently,
molecular markers have been applied to cereal
varietal identification

ARTICLE INFO

ABSTRACT

SNP profile for 35 Australian barley varieties across 33 loci.
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wider application of molecular markers in crop plant genetics have been
podnt. However, in recent years, novel molecular tools, the re- innven ton il
mologies, and minlatursation of technology has both increased throwgh
these costs. Here we have applied Sequencm™ MassARRAY™ MALDI-T
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Towards Heat Tolerant Runner Bean (Phaseolus coccineus L.) by

Utilizing Plant Genetic Resources
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MassARRAY markers were designed for sex determination in mulberry

m r[::rward Primer | _ @ dPrimer Sequence :‘:;:verse Primer | o erse Primer Sequence g:‘::‘:‘:"l’; Extended Primer Sequence

2288_W1

11404_1138
9

#2_W1

11404_1138
9

#1_W2

9872 _WI1_F
10619_W1_F
8530_W1_F
163_W1_F
9549 _W1_F
13302_WI1_F
2288_W1_F
11283_W1_F

958 W1_F

11404_11389
#2_WI1_F

11404_11389
#1_W2_F

ACGTTGGATGATTGCAGGTACAAGAAGC

ACGTTGGATGCACAGAATGGCTTGAGAG

ACGTTGGATGAAGCTTGGGAGCAATCTG

ACGTTGGATGTCCCTGCTCTGTTAAGTG

ACGTTGGATGAGTCTGGTCCACCATIG

ACGTTGGATGGGCTTICTTTTTITCGTTC

ACGTTGGTGCCTTGAGTAGGAAAGGTG

ACGTTGGATGAATCACCAAGTGGAACCC

ACGTTGGATGAGGTTTGGTTTGACTGCG

ACGTTGGATGATTTCGACAAGCGTAGCC

ACGTTGGATGATITCGACAAGCGTAGCC

9872_W1_R
10619_W1_R
8530_W1_R
163_W1_R
9549_W1_R
13302_W1_R
2288_W1_R
11283_W1_R

958_W1_R

11404_11389
#2_WI1_R

11404_11389
#1_W2_R

ACGTTGGATGCATTTCCACATAGCGAGG  9872_W1_E TGCAGATTGCTIGGG

ACGTTGGATGGTCCGACCTATTAGCATC 10619_W1_E ACACCATTTGTTCCCT

ACGTTGGATGTCAAGAGCTCGAAGGAAG  8530_W1_E GAGCAATCTGCAGGTA

ACGTTGGATGAACATTITGGGCT~TrTr~ 1en A T ATATASCOSATTATACT

ACSTIGOMIBAKTISCBIECA o) &0 |1 FU DI BULD TR AN HURUS A USN WAL LN
Y

ACGTTGGATGGAACAAGCTGC

ACGTTIGGATGTGGGAACTTIGG! o

ACGTTGGATGCAACCGTAAAT( VI ﬂ a a UGLu U ‘i g GU f] ﬂ i 8 0 m u

ACGTTGGATGAGCGGACATGC

ACGTTGGATGGAATCATGTCAC

ACGTTGGATGGAATCATGTCA

* funsAUeNATOMINNY 10619 W1

GCTTGAGAGT TTCTGCAGTA[G/AJAGGGAACAAATGGTGTCTTT

é’ﬂwmgﬁuﬁﬂ‘s‘suaam@aaaﬂuaﬂwmvmﬁima wd G 3L Luﬂuﬂums

AAUABNHEULINARUA LY LUE A mwumaﬂwmvmﬁw 90.70%

° I N & - oA
® AILNUIALDULDNLATDINUNY 9872 W1

GAAGCTGCAGATTGCTTGGG[T/CJGCCGACTGTGTGCCTCGCTA

@
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~— . Rubber Authority of Thailand

Rubber tree application

diversity
arrays
technology

« 376 individuals for DArTseq (2016-2017) I,; DA T

* GWAS analysis in Leaf Fall Disease [« Highly significantin GWAS
* Literature review

* 280 sam P les with 30 markers minimizing off-target with Sanger
Total SNPs Average Min Max
% Total SNPs 91.88 55.71 100.00
Homo ref. freq 0.57 0.02 0.99
Homo alt. freq 0.29 0.00 0.97
Hetro. Freq 0.15 0.00 0.45
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Applications for medical plant
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Publications

Design and development of MassARRAY-based
bacteriological assay 10 BACTERIAL FOODBORNE
PATHOGENS IN A SINGLE REACTION

Primer ID Bacterial Targets (species)

Bac16_ bac1/2 Bacteria

Eco001N E.coli/Shigella spp.
Ent001 Enterococcus faecalis
Ent003 Enterococcus faecium

Clos001 Clostridium perfringens

Cmp002 Campylobacter jujuni

Cmp005

Cmp006 Campylobacter coli
LisO01 Listeria monocytogenes
Stp001 Staphylococcus aureus
Sal002 Salmonella spp.
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Figure 4 : TyperAnalyzer software for analysis of multiplexing reaction correlated to specific
well on SpectroChip.
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Figure 5 : Enterococcus faecium, Salmonella spp., and Campylobacter jejuni were identified in a single assay.
The circles represent the mass-to-charge ratio (m/z) of unextended primers (UEP), while the arrows indicate
the mass spectral peak corresponding to the extended base, facilitating bacterial identification.



MassARRAY System workflow
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MassARRAY system in Thailand
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