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Genomics Data Analysis 

Variant Calling Pipeline 

- Reasons for the steps 
- File interpretation 
- Factors affect variant calling 

Gene Fusion 

- Definition 
- RNA-seq can detect it 

GWAS 

- P-value correction 

Epigenetics 

- Gene expression regulation: structure and environment 
- Data analytics pipeline 

 

Why do we care about variants? 

- 3.2 billion sites in the human genome 
- Any two humans share 99.5% DNA 
- We can efficiently describe a genome with relation to a reference 

- Genetic differences among people lead to differences in disease risk and response to 
treatment 

- Genetic variation is used to find genes and variants that contribute to disease 
- Cancer: genetic variants at multiple levels 

 

Sequence Mapping Recap 

- TAATGCCATGGATD | TAA, CCA, GAT, GCC, CCA, ATG 

Slide each read along the genome, calculate the difference 

- Each time, we may use dynamic programming to calculate the difference 
- For simplicity, we would not use it for now 

 
T A A T G C C A T G G A T G 

        C C A 
      2  3 3  3 2  0 2  3 3  2 3  3 
 

T A A T G C G A T G G A T G 
        C C A 

      2  3 3  3 2  1 3  3 3  2 3  3 
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How to Discover the Genetic Variants? 

 

 

 

 

 

 

 

  

 

Data Pre-Processing Step 

 

 

 

 

 

 

 

 

 

Variant Calling  
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Variants vs Errors 

- Must distinguish between actual variation (real change) and errors (artifacts) 
introduced into the analysis 

- Errors can creep in on various levels: 
- PCR artifacts (amplification of errors) 
- Sequencing (errors in base calling) 
- Alignment (misalignment, mis-gapped alignment) 
- Variant calling (low depth of coverage, few samples) 
- Genotyping (poor annotation) 

 

Step 1: Map the Reads Produced by the Sequencer to the Reference 

 

 

 

 

 

 

 

 

 

Step 2: Mark Duplicates to Mitigate Duplication Artifacts 

 

 

 

 

 

 

 

 

 

  

 

  



BMEG3105 | Data Analytics for Personalized Genomics and Precision Medicine | Lecture 17 
Lecturer: Yu Li (李煜) | 02-NOV-22 

 

4 | P a g e  
 

Input Format: FASTQ 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Output Format: Sequence/Binary Alignment Map (SAM/BAM) 
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CIGAR (Concise Idiosyncratic Gapped Alignment Report) Summarizes Alignment Structure 

 

 

 

 

 

 

Variant Calling in More Detail 

 

 

 

 

 

 

 

 

Variant Call Format (VCF) 

From Per-Sample GVCFs to Final Multi-Sample VCF 

 

 

 

 

 

 

 



BMEG3105 | Data Analytics for Personalized Genomics and Precision Medicine | Lecture 17 
Lecturer: Yu Li (李煜) | 02-NOV-22 

 

6 | P a g e  
 

Further Downstream Analysis 

Genome-Wide Association Studies (GWAS) 

- Trying to determine whether specific variant(s) in many individuals can be associated 
with a trait (disease)  

 

Spot the variant that is common amongst all affected but 
absent in all unaffected 

 

The ideal case (for some rare Mendelian diseases) 

 

In reality – 3.5 million SNPs 

 

 

 

 

 

 

 

Bonferroni Correction 

Adjusted p-value = p-value / number of tests 

Suppose we have 1 million SNPs to test 

- Adjusted p-value = 0.05/1,000,000 
  = 5*10-8 

RNA-seq Data Analysis 
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Transcription, Splicing and Translation of a Eukaryotic Gene 

 

 

 

 

 

 

 

 

 

Mapping Spanning Splice Junctions 

 

 

 

 

 

The mapping algorithm 
should be modified slightly.  
But it’s helpful for identifying 
gene fusion. 

 

What is Gene Fusion? 

- The first fusion gene was described in cancer cells in the early 1980s 
- Novel gene formed by fusion of two distinct wild type genes 
- In cancer: produced by somatic genome rearrangements 

 

 

 

Gene fusion is a specific kind of structural variant 
related to cancer 
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RNA-seq for Gene Fusion Detection 

Why can it be Detected by RNA-seq? 

 

 

 

 

 

 

 

 

 

Epigenetics – Peak Calling 
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Peak Calling Output – BED file 

Browser Extensible Data (BED) format 

- Chromosome 
- Start 
- End 
- Label 
- … 

The Overall Data Analytics Pipeline for Epigenetics 

 

 

 

 

 

 

The Entire Detailed Pipeline (ATAC-seq as an example) 

 

 

 

 

 

 

 

 

Histone Marks and Chromatin Accessibility 

 

 

 

 


