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Overview 

- Introduction to MassARRAY 
 -Principal 
 -Data analysis 
 -Assay design 
-Application of MassARRAY® 

 - Agricultural Genomics  
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Genome analysis 
Whole genome studies are conducted and followed by fine mapping 
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MassARRAY® System 

Chip prep module 

96 well plate 

384-well plate platform  



© 2015 Agena Bioscience. All Rights Reserved. For Research Use Only. Not for use in diagnostic procedures. Confidential. 

Proven Versatility of the MassARRAY® System 
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Proprietary mass spectrometry-based detection system with robust chemistries 

and advanced data analysis software for sensitive, accurate analyses 
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MassARRAY™ Applications 

119 

Data Analysis SpectroCHIP™  
MassARRAY™ 

System 

Somatic 
Mutation 

Methylation 

Copy Number 
Variation 

Ultrasensitive 
Detection 

Genotyping 
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 Minimal input DNA     5-10 ng required per well 
 

 Flexible sample types 

 

 

 

  

 – root, seeds, leaf, etc 
 

 Efficient multiplexing     40+ assays per well 

 

 

The MassARRAY® System for Genotyping 

120 

Flexibility and Cost Efficiency in a Single Workflow 
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DNA Analysis Based on MassARRAY 

A 
G 

DNA consists of a four-
letter alphabet: 
A, C, G, T 

 
Each base within a 

DNA strand 
has defined molecular 

mass: 
 

dCMP = 289.2 Da 
dTMP = 304.2 Da 
dAMP = 313.2 Da 
dGMP = 329.2 Da 
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GENOTYPING 

Example of an [A/G] SNP 

 

A  G  

10 mer tag 

10 mer tag 

10 mer tag 

10 mer tag 

A  
T  

G  
C  

A G  
PCR Single Base Extension 

C,A,G,T terminators 

Resin Conditioning 

Nano-spotting onto SpectroCHIP 

Fly on Mass Spec 

SAP Hybridize Extension Primer 

UEP A G 

Mass 

Spectrum 

PCR Reaction (Amplification) SAP Reaction Extension Reaction 
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MassARRAY® Process 
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• Molecular mass is a 
unique intrinsic property. 
 
• The mass of a nucleic 
acid string is determined by 
its length and composition 
(ATCG). 
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Matrix Assisted Laser Desorption Ionization 

Time Of Flight Mass Spectrometry (MALDI-TOF MS) 
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Matrix/Analyte Laser Desorption and Ionization Acceleration and Detection 

+ 

+ 

Mass Spectrum m/z 
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Mass spectra of 3 different SNP [A/G] samples 

 MALDI-TOF MS of iPLEX reaction 

products shows peaks for  the 

unextended primer (5612 Da) and 

extended primers (1 nucleotide) 

 Heterozygous sample show two 

peaks, one at 5882 Da and the other 

at 5898 Da 

 First two peaks are from other SNP 

assays in the same multiplex reaction. 

Homozygous 

AA call 

 

 

Heterozygous 

AG call 

 

 

Homozygous 

GG call7 

Primer 

Unextended 

~5612 Da 

Δ(A vs.G) = 16 

Da Primer 

extended 

~5882 Da  vs. ~5898 Da 
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Data Analyzer 
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Software application suite for Genotyping  

& Somatic Mutation Analysis 
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Typical SNP Panel (31-plex) 
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The Power of Multiplexing Multiple Markers in a Single Well 
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Generating Report 
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Data Analysis 
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Data Analysis 
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Data Analysis 
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Data Analysis 

 



© 2015 Agena Bioscience. All Rights Reserved. For Research Use Only. Not for use in diagnostic procedures. Confidential. 

Assay Design 
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Assay Design Services 
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Fully customized options 

 

• Assays by Agena 

• Certified Service 
Providers 

Outsource 

 

• Assay Design Suite 
(ADS 2.0 Software) In-house 

 Agena or a CSP can design a 

custom panel for you 

 

 

 

 

 Patient-specific panels for 

ultrasensitive detection 

 Disease-specific panels for 

tumor profiling 

 Gene-specific panels for 

therapy selection  

 Mutation-specific panels for 

validation 
 

 



© 2015 Agena Bioscience. All Rights Reserved. For Research Use Only. Not for use in diagnostic procedures. Confidential. 

AgenaCx Account 
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https://www.agenacx.com/Home  

 

https://www.agenacx.com/Home
https://www.agenacx.com/Home
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AgenaCx Account 
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AgenaCx Account 
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Oligo order excel file 
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Distinct advantages 

 
1. Don’t use fluorescence 

− Mass of the actual bioanalyte is detected - 4 decimal place accuracy 
− No non-specific background issues – background is a different mass 
 

2. System is quantitative 
− Many biological phenomena need to be accurately quantified 
− Allele ratios, gene copy number, methylation 
 

3. Multiplexed assays  
− Provides high throughput 
− Cost effectiveness 
 

4. Very sensitive and flexible 
− High accuracy – published  99.7% 
− High genotyping call rates (+98%) 
− Numbers of samples and markers are easily scaled 
− Simple and flexible assay design with little optimization required 
− Comprehensive Genetic Analysis >> Somatic mutation, Rare 

mutation, SNP, Epigenetic  

 146 

Of MassARRAY for Nucleic Acid Analysis 
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Application of MassARRAY® in 

Agricultural Genomics 

147 
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Applications in Agricultural Genomics 

 Parentage verification for plant breeding 

 Crop strain validation 

 Marker assisted breeding 

 Candidate genetic marker evaluation 

 Genetic Mapping and QTL analysis  

 Phenotype selection 

 SNP validation 

 Etc. 

148 
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Candidate SNP markers (designated SNPE) flanking various genes associated with 

FA and oil biosynthesis were mined from the P5 genome build. The oil palm SNP 

assay design and genotyping were performed by a service provider, Agena 

Bioscience, Inc. (San Deigo, California) using the iPLEX ® biochemistry on 

MassArray® system [23]. A custom two-multiplexed genotyping assay was designed 

and optimized for a panel of 40 SNPs using the Assay Design Suite 1.0 software 

(Agena Bioscience, Inc. San Deigo, California) 

Ting NC1,2, Yaakub Z1, Kamaruddin K1, Mayes S3, Massawe F2, Sambanthamurthi R1, Jansen J4, Low LE1, Ithnin M1, Kushairi 

A1, Arulandoo X5, Rosli R1, Chan KL1, Amiruddin N1, Sritharan K5, Lim CC5, Nookiah R1, Amiruddin MD1, Singh R6. 

MassARRAY- SNPs detection in Oil palm  

https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-016-2607-4#CR23
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ting NC[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yaakub Z[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yaakub Z[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yaakub Z[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kamaruddin K[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kamaruddin K[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kamaruddin K[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mayes S[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Massawe F[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Massawe F[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Massawe F[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sambanthamurthi R[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sambanthamurthi R[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sambanthamurthi R[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jansen J[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Low LE[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ithnin M[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ithnin M[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ithnin M[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kushairi A[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kushairi A[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kushairi A[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arulandoo X[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arulandoo X[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arulandoo X[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rosli R[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rosli R[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rosli R[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chan KL[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Amiruddin N[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Amiruddin N[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Amiruddin N[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sritharan K[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sritharan K[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sritharan K[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lim CC[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nookiah R[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nookiah R[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nookiah R[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Amiruddin MD[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Amiruddin MD[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Amiruddin MD[Author]&cauthor=true&cauthor_uid=27079197
http://www.ncbi.nlm.nih.gov/pubmed/?term=Singh R[Author]&cauthor=true&cauthor_uid=27079197
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These 80 SNP markers (designated as SNPE) were genotyped in the T128 selfed 

population using the Sequenom MassArray® iPlex platform.  

MassARRAY- SNPs detection in Oil palm  



151 

Imai, I., McCouch, S. R., and McClung, A. 

M. (2011) Plant and Animal Genomics, 

San Diego, California.   

 Collaborative project among 

IRRI, JIRCAS, U. of Calcutta, U. 

of Aberbeen, Arkansas, Duke 

 18,760 SNPs discovered on 

Affymetrix 44K rice chip 

 84 SNPs for higher resolutions of 

key traits for MassARRAY panel 

 Currently designing MassARRAY 

panels arranged by chromosome 

Rice Genotyping - Cornell Rice Panel 
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8 SNP Marker Analysis for Quality and 
Agronomic Traits (rice) 

Masouleh, A. K., et al.  Plant Biotech J. 2009. 7:355-63 

Loci Functions Mutation and traits 

sd-1 gibberellin 20-oxidase C/T mutation reduces plant height and increases 

yield 

sd-del 380-383bp deletion increases yield 

Pi-ta 928-aa polypeptide G: blast resistant; T: susceptible 

waxyIN1 granule-bound starch 

synthase 

Starch quality. A: low amylose; G: high amylose 

waxyEX

6 

Startch quality. A: low amylose; T: high amylose 

alk3 Starch synthase Cooking and eating quality.  

alk3 ‘G’+alk4”GC”: high gelatinization 

temperature and low alkali spreading 
alk4 

fgr BADH2 8bp deletion results in fragrant rice 

Conclusion: MassARRAY is a powerful tool for SNP detection and confirmation in 

rice and can be applied to segregating populations in breeding programs for traits 

selection. 
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Rice SNP Marker Analysis: Ability to Detect 
Deletions 

Masouleh, A. K., et al. Plant Biotech J. 2009. 7:355-63 

MassARRAY iPLEX Gold assays are capable to detect large or small deletions. 

Deletion 
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SNP Identification and Panel Development 
for BADH1 Haplotype Association Study 

. 

Conclusion:  There is no association between salt tolerance and the 

BADH1 haplotypes 

Singh, A. et al.  2010 Mol. Breeding 26,(2): 325-338, 

 

Haplotypes of the BADH1 Gene in 92 Diverse Rice Varieties 
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Livestock Genotyping 

. 
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 U.S. Department of Agriculture 

(USDA) Markers selected from 

HapMap project 
 

 Genome wide SNPs with high MAF 

>0.41 selected for discrimination of 

inbred diary herds 
 

 2 well panels for parentage 

verification with 100-121 SNPs per 

International Society for Animal 

Genetics (ISAG) recommendations 
 

 Additional SNPs/wells for disease 

susceptibility and trait identification 

159 

Assays by Agena: Bovine Panels 
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Comparison of 60 SNPs & 10 microsatellite markers 

 Designed panel with 80 SNPs 

– 155 boars that represent four US purebred 

populations tested representative of US 

purebred Duroc, Hampshire, Landrace and 

Yorkshire populations 

– 60 SNPs w/ MAF >0.15 selected for the final 

panel of 60 markers 

 Parentage Exclusion Probability 

– One parent: 0.9974 (all data) 

– Ranged from 0.9594 to 0.9963 within breeds.  

 Sire Exclusion Probability  

– When dam's genotype is known: 0.99998 (all 

data) 

– Ranged from 0.99868 to 0.99997 within breeds 

Pig Identification and Parentage Exclusion  

Rohrer, G. A. et al.  Animal Genetics. 2007. 

38 (3): 253–258 

7 

Parental exclusion probabilities for SNP and microsatellite marker panels were 

similar, but genotyping was more sensitive for individual identification.  
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 194 SNPs in calpastatin locus on pig 

chr 2 were identified by re-sequencing 
 

 SNP Genotyping on MassARRAY using 

40 pigs 
 

 37 SNPs significantly associated with 

slice shear force in USMARC 

population 
 

 4 SNPs significantly associated with 

tenderness, juiciness, chewiness, and 

other flavor scores in all 4 populations 

Predictive SNPs in Calpastatin for Pork Tenderness 

Nonneman, D. et al. J. Anim. Sci. 2011: 2010-3556  

SNP markers identified by the association study should be predictive of pork 

tenderness in industry populations  

8 
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MassARRAY ™ Customers List 

- USDA 

- CIAT 

- Neogen/GeneSeek 

- CaptitalBio 

- Washington State University  

- Kansas State University  

- etc 
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Questions 
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