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(Sanger, Pyro, Bisulfite sequencing)مقدمه و روش های توالی یابی نسل اول➢

NGSمقدمه ای بر توالی یابی نسل جدید و سرویس های ➢

  (Roch, Illumina, SOLiD)روش های توالی یابی نسل دوم➢

PacBio, Ion Torrent, Oxford Nanopore)روش های توالی یابی نسل سوم ➢ )

➢Omics

کاربردهای توالی یابی های نسل دوم و سوم➢
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اسیدهانوکلئیکتعیین توالی : DNAتعیین توالی 
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تاریخچه توالی یابی
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مراحل توالی یابی

( DNAاستخراج )آماده سازی نمونه ➢

تکثیر توالی هدف➢

خالص سازی آمپلیکون ها➢

آماده سازی قبل از تعیین توالی➢

هدفDNAتوالی یابی  ➢

تحلیل داده ها➢
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Sanger sequencing
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Sequences are usually delivered as ABI files.

Usually thy  have .ab1 extension.

They can be open by:

✓ Chromas

✓ Sequence scanner (Applid Biosystemes)

✓ Finch TV

✓ Mega

✓ CLC work bench

✓ SnapGene

✓ ….
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Advantages:

✓ Long reads (~900bp)

✓ Suitable for small projects

Disadvantages:

✓ Expensive

✓ Quality is worst at the begging and at the end

✓ Error rate 0.1% and error type is substitution.
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Bisulfite sequencing
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Next generation sequencing (NGS) platforms perform massively

parallel sequencing, during which millions of DNA fragments are

sequenced in unison.

Advantage:

Rapid (sequence an entire genome in less than one day).

Low cost in comparison to traditional techniques (Sanger sequencing)
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Genome sequencing workflow
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What does coverage mean in the context of NGS?

The term “coverage” in NGS always describes a relation between sequence reads and 

a reference (e.g. a whole genome or al locus), unlike sequencing depth which describes 

a total read number.

Sequencing depth: total number of usable reads from the sequencing machine (usually 

used in the unit “number of reads” (in millions). Especially used for RNA-seq.
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FASTQ
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NGS services

Whole Genome Sequencing (WGS)

Whole Exome Sequencing (WES)

De novo sequencing

Targeted sequencing (Panel)

Transcriptomics (RNA-Seq)

Epigenomics (Methyl-Seq)

Chip-Seq



Dr. Moridnia

24

What is Whole-Genome Sequencing?

Whole-genome sequencing (WGS) is a comprehensive method for analyzing 

entire genomes. Genomic information has been instrumental in identifying 

inherited disorders, characterizing the mutations that drive cancer progression, 

and tracking disease outbreaks. Rapidly dropping sequencing costs and the 

ability to produce large volumes of data with today’s sequencers make whole-

genome sequencing a powerful tool for genomics research.
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Advantages of Whole-Genome Sequencing

✓ Provides a high-resolution, base-by-base view of the genome

✓ Captures both large and small variants that might be missed with targeted 

approaches

✓ Identifies potential causative variants for further follow-up studies of 

gene expression and regulation mechanisms

✓ Delivers large volumes of data in a short amount of time to support 

assembly of novel genomes
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What is Exome Sequencing?

Whole-exome sequencing is a widely used next-generation sequencing (NGS) 

method that involves sequencing the protein-coding regions of the genome. The 

human exome represents less than 2% of the genome, but contains ~85% of 

known disease-related variants, making this method a cost-effective alternative 

to whole-genome sequencing.

Exome sequencing using exome enrichment can efficiently identify coding 

variants across a broad range of applications, including population genetics, 

genetic disease, and cancer studies.
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Advantages of Exome Sequencing

✓ Identifies variants across a wide range of applications

✓ Achieves comprehensive coverage of coding regions

✓ Provides a cost-effective alternative to whole-genome sequencing (4–5 Gb of 

sequencing per exome compared to ~90 Gb per whole human genome)

✓ Produces a smaller, more manageable data set for faster, easier data analysis 

compared to whole-genome approaches
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What Is De Novo Sequencing?

De novo sequencing refers to sequencing a novel genome where 

there is no reference sequence available for alignment. Sequence 

reads are assembled as contigs, and the coverage quality of de 

novo sequence data depends on the size and continuity of the contigs 

(ie, the number of gaps in the data).
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Advantages of De Novo Sequencing

✓ Generates accurate reference sequences, even for complex or polyploid genomes

✓ Provides useful information for mapping genomes of novel organisms or 

finishing genomes of known organisms

✓ Clarifies highly similar or repetitive regions for accurate de novo assembly

✓ Identifies structural variants and complex rearrangements, such as deletions, 

inversions, or translocations
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Introduction to Targeted Gene Sequencing (Panel)

Targeted gene sequencing panels are useful tools for analyzing specific mutations 

in a given sample. Focused panels contain a select set of genes or gene regions 

that have known or suspected associations with the disease or phenotype under 

study. Gene panels can be purchased with preselected content or custom designed 

to include genomic regions of interest.

Targeted gene sequencing produces a smaller, more manageable data set compared 

to broader approaches such as whole-genome sequencing, making analysis easier.
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RNA-Seq (named as an abbreviation of RNA sequencing) is a sequencing 

technique which uses next-generation sequencing (NGS) to reveal the presence 

and quantity of RNA in a biological sample at a given moment, analyzing the 

continuously changing cellular transcriptome.

Specifically, RNA-Seq facilitates the ability to look at alternative gene spliced 

transcripts, post-transcriptional modifications, gene fusion, mutations/SNPs and 

changes in gene expression over time, or differences in gene expression in 

different groups or treatments.

Transcriptomics (RNA-Seq)



Dr. Moridnia

34

In addition to mRNA transcripts, RNA-Seq can look at different populations of 

RNA to include total RNA, small RNA, such as miRNA, tRNA, and ribosomal 

profiling. RNA-Seq can also be used to determine exon/intron boundaries and 

verify or amend previously annotated 5' and 3' gene boundaries. Recent advances 

in RNA-Seq include single cell sequencing, in situ sequencing of fixed tissue, and 

native RNA molecule sequencing with single-molecule real-time sequencing. 

Other examples of emerging RNA-Seq applications due to the advancement of 

bioinformatics algorithms are copy number alteration, microbial contamination, 

transposable elements, cell type (deconvolution) and the presence of neoantigens.
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Epigenetics focuses on processes that regulate how and when certain genes are turned on 

and turned off, while epigenomics pertains to the analysis of epigenetic changes across 

many genes in a cell or entire organism.

Epigenetic processes control normal growth and development and this process is 

deregulated in diseases such as cancer. Diet and exposure to environmental chemicals 

throughout all stages of human development among other factors can cause epigenetic 

changes that may turn on or turn off certain genes. Changes in genes that would normally 

protect against disease, as a result, could make people more susceptible to developing that 

disease later in life. 

Epigenomics
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Whole genome methylation coverage
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What is ChIP-Seq?

By combining chromatin immunoprecipitation (ChIP) assays with sequencing, 

ChIP sequencing (ChIP-Seq) is a powerful method for identifying genome-wide 

DNA binding sites for transcription factors and other proteins. Following ChIP

protocols, DNA-bound protein is immunoprecipitated using a specific antibody. 

The bound DNA is then coprecipitated, purified, and sequenced.

The application of next-generation sequencing (NGS) to ChIP has revealed 

insights into gene regulation events that play a role in various diseases and 

biological pathways, such as development and cancer progression. ChIP-Seq 

enables thorough examination of the interactions between proteins and nucleic 

acids on a genome-wide scale.
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Advantages of ChIP-Seq

Unlike arrays and other approaches used to investigate the epigenome, which are inherently 

biased because they require probes derived from known sequences, ChIP-Seq does not 

require prior knowledge. ChIP-Seq delivers genome-wide profiling with massively parallel 

sequencing, generating millions of counts across multiple samples for cost-effective, precise, 

unbiased investigation of epigenetic patterns. Additional advantages include:

✓ Captures DNA targets for transcription factors or histone modifications across the entire 

genome of any organism

✓ Defines transcription factor binding sites

✓ Reveals gene regulatory networks in combination with RNA sequencing and methylation 

analysis

✓ Offers compatibility with various input DNA samples



Dr. Moridnia

39



Dr. Moridnia

40

NGSتکنولوژی های نسل دوم 
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PacBio, Ion Torrent, Oxford Nanopore)تکنیک های توالی یابی نسل سوم  )
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Ion Torrent



Dr. Moridnia

65

Ion Torrent Sequencing platform
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Advantages: 

Low startup costs

Medium/low cost per base

Low error rate

Fast runs

Disadvantages:

Costs higher than e.g. Illumina

Read length between Illumina and PacBio

Higher error rate than Illumina
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Nanopore sequencing is a third generation approach used in the sequencing of 

biopolymers — specifically, polynucleotides in the form of DNA or RNA.

Using nanopore sequencing, a single molecule of DNA or RNA can be sequenced 

without the need for PCR amplification or chemical labeling of the sample. 

Nanopore sequencing has the potential to offer relatively low-cost genotyping, 

high mobility for testing, and rapid processing of samples with the ability to 

display results in real-time.

Publications on the method outline its use in rapid identification of viral 

pathogens, monitoring ebola, environmental monitoring, food safety monitoring, 

human genome sequencing, plant genome sequencing, monitoring of antibiotic 

resistance, haplotyping and other applications.

Oxford Nanopore
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Oxford Nanopore
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Advantages:

Minion is a USB devise

Extremely low cost

Extremely long read feasible and short sequencing time

Disadvantages:

Unknown error rate
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Omics

پایان omics–اشاره به یک رشته مطالعاتی در علوم بیولوژیک دارد که با Omicsواژه 
.می یابد
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Metabolomics classification
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 Omicsدر مطالعات مختلف کاربردهای توالی یابی های نسل دوم و سوم
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