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Next Generation Agriculture

Multi-omics technologies are being used today to 

move the crop breeding and management to the 

next generation agricultural era! 

The combination of different omics analysis has 

helped scientist in identifying potential candidate 

genes and their pathways and created the path 

for MAS and genetic modifications via traditional 

breeding and genome editing approaches.
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Next Generation Phenomics and AI

Mission: IPPN members recognize the need to integrate 

globally plant phenotyping approaches across all levels of 

plant systems, from molecular to field. IPPN members are 

also aware that developing and breeding new varieties of 

plants with improved performance is necessary for the future. 

International Plant Phenotyping 

Network
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Next Generation Sequencing

Second generation sequencing or massively parallel sequencing emerged in 1998 and is commercially 

available since 2005 by the name of 454 sequencing using pyrosequencing technology. Illumina 

purchased the Solexa genome analyzer on 2006 and commercialized it in 2007 and then revolutionized 

the second generation sequencing by providing accurate and affordable sequencing.

Ahmad, Muneer et al. (2018). Exploring the Human Microbiome: The Potential Future Role of Next-Generation 

Sequencing in Disease Diagnosis and Treatment. Frontiers in Immunology. 10.3389/fimmu.2018.02868. 
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Next Generation Sequencing

Next-Generation Sequencing — An Overview of the History, Tools, and “Omic” Applications

By Jerzy K. Kulski (DOI: 10.5772/61964)

Third generation sequencing methods mostly focused on single molecule long reads or reducing the 

cost of sequencing. Pacific BioSciences introduced the PacBio RSII in 2010 to address the limitation 

of the short read sequencing effecting genome assemblies.   

GS platforms/company/max output per 

run

Read length per 

run (bp)

No. reads 

per run

Time (h or 

days)

Cost per 

106 bases

Raw error 

rate (%)

Platform 

cost (USD 

approx.) Chemistry

First generation

Sanger/Life Technologies/84 kb 800 1 2 h 2400 0.3 95,000 Dideoxy terminator

Second generation

454 GS FLX+/Roche/0.7 Gb 700 1×106 24/48 h 10 1 500,000 Pyrosequencing

GS Junior/Roche/70 Mb 500 1×105 18 h 9 100,000 Pyrosequencing

HiSeq/Illumina/1500 Gb 2x150 5×109 27/240 h 0.1 0.8 750,000 Reversible terminators

MiSeq/Illumina/15 Gb 2x300 3×108 27 h 0.13 0.8 125,000 Reversible terminators

SOLiD/Life Technologies/120 Gb 50 1×109 14 days 0.13 0.01 350,000 Ligation

Retrovolocity/BGI/3000 Gb 50 1×109 14 days 0.01 0.01 12×106 Nanoball/ligation

Ion Proton/Life Technologies/100 Gb 200 6×107 2–5 h 1 1.7 215,000 Proton detection

Ion PGM/Life Technologies/2 Gb 200 5×106 2–5 h 1 1.7 80,000 Proton detection

Third generation

SMRT/Pac Bio/1 Gb >10,000 1×106 1–2 h 2 12.9 750,000 Real-time SMS

Heliscope/Helicos/25 Gb 35 7×109 8 days 0.01 0.2 1.35×106 Real-time SMS

Nanopore/Oxford Nanopore 

Technologies/1 Gb >5000 6×104 48/72 h <1 34 1000 Real-time SMS

Electron microscopy/ZS 7200 14 h <0.01 1×106 Real-time SMS

Genia nanopore 

(http://www.geniachip.com) Real-time SMS
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Applications of Next 
Generation Sequencing
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Whole Genome Sequencing 

The whole genome sequencing is an essential 

step for finding the sequence variants (SVs) 

used for marker discovery, gene discovery and 

genome structural variations.

https://hudsonalpha.org/wp-content/uploads/2021/02/ReSeqDeNovoAssembly.png
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Transcriptome Sequencing 

Transcriptome analysis using SAGE, Microarrays, DD AFLPs and Northern 

blots is now expired! And RNA Seq is the new tool!  
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Genotyping by Sequencing

www.eurofins.com/biodiagnostics

1) Restriction enzyme mediated genotyping by sequencing

2) Hybridization based targeted sequencing

3) Amplicon based targeted sequencing

4) Skim sequencing (re-sequencing by low coverage)
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Restriction Enzyme Mediated GBS 

www.eurofins.com/biodiagnostics

GBS via restriction enzyme: using different restriction enzymes, the genome will 

be digested and only the fragments with certain sizes will be amplified and 

sequenced.

8. Sequencing

9. Data Analysis
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Hybridization Based GBS (Sequence Capture)

www.eurofins.com/biodiagnostics

The genome will be physically or enzymatically fragmented to small 

fragments.  Then the targets will be captured by probes attached to 

beads or arrays and will be sequenced. 
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Amplicon Based Targeted Sequencing
Hundreds of regions in the genome will be amplified using multiplex PCR 

approach. Then the PCR fragments will be sequenced.

NG Sequencing Data Analysis
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Amplicon Based Targeted Sequencing
Hundreds of regions in the genome will be amplified using multiplex PCR 

approach. Then the PCR fragments will be sequenced.

NG Sequencing Data Analysis
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Skim Sequencing (Shallow Sequencing)

Substantial reduction in sequencing cost has made low depth whole genome 

resequencing a novel strategy for genotyping. Shallow sequencing by a 

coverage less than 1X (0.25X, 0.5X, 1X) have been used successfully in 

genotyping plant and animals.

5X coverage 2X coverage 0.5X coverage
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Skim Sequencing (Shallow Sequencing)

Skim sequencing is a great alternative for array based genotyping when 

>50,000 markers is needed. However having a deep sequencing of the 

parental lines or a well defined pan genome information of the species of 

interest and a great imputation strategy is essential for this method.
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Microbiome Detection Methods

• Whole genome 

Sequencing

• 16S/18S/ITS Sequencing

• Metagenomics (Shotgun 

Sequencing) 

• Single cell sequencing

• Next Generation Sequencing
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Targeted 16S, 18S, ITS Sequencing
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Bacterial Microbiota Fungal Microbiota

Microbiome in Plants
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Soil Microbiome
16S targeted Microbiome 

analysis can detect the bacteria 

to their genera and their 

abundance ratio in the soil.

In soil samples, the taxa 

detected by V1V3 and V3V4 

regions were similar, in order of 

abundance: Proteobacteria, 

Actinobacteria, Acidobacteria, 

Bacteroidetes, Planctomycetes, 

Gemmatimonadetes, Chloroflexi

and Verrucomicrobia. But V4V5 

and V6V8 produced a slighty

different patterns.

Soriano-Lerma et. al. 2020 Scientific Reports 10: 13637
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Conclusion

• The advent of next generation sequencing methods have changed the 

landscape of agricultural studies.

• The ongoing cost reduction in next generation sequencing made it the 

proper tool for different applications like genotyping, microbiome analysis, 

differential gene expression analysis, epigenomics studies and numerous 

other applications when nucleic acids are involved. 

• Genotyping by sequencing is now the main tool for ultra high throughput 

screening of >50 markers when lots of samples needs to be genotyped. 

• Microbiome studies using whole genome or targeted sequencing shed light 

into a new definition of plant/animal and human health management and 

host environment interactions.



Questions?

Thank you !

Thermo Fisher Scientific and its affiliates are not endorsing, recommending, or promoting any use 

or application of Thermo Fisher Scientific products presented by third parties during this seminar. 

Information and materials presented or provided by third parties are provided as-is and without 

warranty of any kind, including regarding intellectual property rights and reported results. Parties 

presenting images, text and material represent they have the rights to do so. 


