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Recap: 

Linear regression problems: 

Underfitting: when facing complicated problems, the model capacity of simple linear regression is 

insufficient to capture complex relationships among variables. In practice, we need to first overfit the 

data. 

Overfitting: Statistically, it is the production of an analysis that corresponds too closely to a particular 

dataset and may fail to fit additional data or predict future observations reliably. In machine learning 

terms, it occurs when a method is more complex than the problem, performing well on training data but 

poorly on testing data. 

 

Multi-Omics 

The multi-omics approach includes data from the genome, epigenome, transcriptome, proteome, 

metabolome, and phenome. The core multi-omics data analysis techniques are the same as other: 

sequence alignment and comparison, dimension reduction and visualization, and clustering & 

classification. 

 

Statistical analysis for differential gene expression analysis 

To discover quantitative changes in expression levels between experimental groups. 

✓ T-test: Its purpose is to find a significant difference between 2 sets of data. 

➢ Calculate a test statistic based on the mean and variance of the data 

➢ The test statistic follows a Student's t-distribution 

➢ Generate a p-value: the probability that the result occurred by chance 



➢ The smaller the p-value, the more confident we are in the result 

➢ Standard threshold: p-value < 0.05 indicates a significant difference 

✓ Fisher's Exact Test: used for analyzing contingency tables. 

The p-value can be calculated exactly from the table, unlike the t-test where we calculate a t-value and 

then derive the p-value from a distribution. 

Application: Used for gene enrichment analysis and testing associations between pathways and 

diseases. 

1. Genes involved in KEGG biological pathway  

2. Genes not involved in KEGG biological pathway 

3. Genes related to type-2 diabetes 

4. Genes not related to type-2 diabetes 

Contingency Table: 

 

𝑝 = 0.5802 > 0.05. This pathway is not related to type-II diabetes 

 

Lec15: Genome data analysis 

Variant Calling 

Variant calling is the computational process of identifying genetic differences (variants) between sequenced 

DNA and a reference genome. These variants can be: 

• Point mutations (single nucleotide changes) 

• Indels (insertions/deletions, <50bp) 

• Copy Number Variations (CNV, > 1000bp) 

• Structural Variants (SV) including translocations (alter up to millions bp) 

• Germline (inherited) and somatic (cancer-specific) variants 



 

Biological significance of variants: 

• Any two humans share 99.5% of DNA; we can efficiently describe a genome relative to a reference 

using variants 

• 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 involves genetic variants at multiple levels 

Pipeline for discovering genetic variants: 

Step 1: Library Preparation & Sequencing 

I. Slide each read along the reference genome, calculate the difference by dynamic programming. 

 VS  

No variant (exact match)  VS  variant (point mutation) 

II. Distinguish between actual variation (real change) & errors (artifacts): 

i. PCR artifacts (amplification of errors) 

ii. Sequencing errors (base calling) 

iii. Alignment errors (misalignment, mis-gapped alignments) 

iv. Variant calling errors (low depth of coverage, few samples) 

v. Genotyping errors (poor annotation) 

Variant visualization in genome browser: 

 



Step 2: Data pre-processing 

I. Map the enormous pile of short reads produced by 

the sequencer to the reference genome by mapping 

and alignment algorithms: 

 BWA for DNA 

 STAR for RNAseq 

Input format: FASTQ 

 

  Output format: Sequence/Binary Alignment Map (SAM/BAM) 

 

 Header information: MAPQ is quality 

 



  CIGAR summarizes alignment structure 

  CIGAR = Concise Idiosyncratic Gapped Alignment Report 

 

 

II. Mark duplicates to mitigate duplication artifacts. 

 

Cause of duplication: 

i. Library Duplicates, caused by PCR 

ii. Optical Duplicates, occur during sequencing 



Step 3: Variant Calling 

 

Variant Call Format (VCF): 

 

Joint analysis increases variants & empowers discovery, as family or population data add valuable 

information: 

 Rarity of variants 

 de novo mutation 

 Ethnic background 

From per-sample GVCFs to final multi-sample VCF: compare quality across samples 

 



Summarization of Variant Calling: 

 The pipeline 

✓ A concrete tool you can use in the future 

✓ You know what you are expecting from each step. And which file you are looking for 

 

 The file format 

✓ We talked about reads a lot of time. What are they in the real analysis? 

✓ It’s for practice. We want to avoid the case that you learn a lot but you still cannot resolve reallife 

problems 

✓ You know what to input to a specific step. If you get an error, you know what to change 

 

 Trouble-shooting 

✓ For example, in real-life, you have a nice BAM/SAM file, but your VCF file is empty. Is it because 

of programming bugs, file formats, or no variants? 

✓ Hopefully, our introduction to the pipeline will be useful 

✓ Usefulness is more important than exams 

 

Potential Projects-4,5,6 

4. Genetic variant calling pipeline 

5. Epigenetic data processing pipeline 

6. Gene fusion detection pipeline 


