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실험 목표
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1. 지놈 데이터와 생물정보학의 중요성에 대한 이해 

2. 지놈 데이터를 얻는 방법 익히기 

3. 두 지놈 데이터를 비교하는 법 (sequence alignment) 익히기

4. 두 지놈 데이터의 비교 분석 및 분석 결과의 해석



Genome & genomic data
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❖ All organisms have their biological information stored as genes
❖ The complete gene set of an organism is called genome
❖ Genomic data usually refers to DNA (genome) sequence data of an organism

http://www.councilforresponsiblegenetics.org/geneticprivacy/DNA_sci.html



Bioinformatics enable analysis of big data by using computers
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Exponential growth of bio data

Bioinformatics

Manual



Example: virus genomics study

❖ Identify natural reservoir of the virus and how zoonotic transmission happened
❖ Prediction of transmission mechanism
❖ Identification of most favorable environment for transmission
❖ Prevention of initial outbreak

❖ Annotation of key protein needed for host infection and possible toxins
❖ Antiviral treatment and invention of vaccines
❖ FDA approved Ebola virus ( ~90% fatality) vaccine Ervebo in 2019

❖ Prediction of fatality, and affected areas (lung, skin, etc) by virus 



SARS-CoV-2 (Severe acute respiratory syndrome coronavirus 2)
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❖ SARS-CoV-2 is the cause of COVID-19 (Coronavirus disease 19)

❖ SARS-CoV-2 is the 7th coronavirus known to infect humans along:
❖ SARS-CoV (2003)
❖ MERS-CoV (Middle east respiratory syndrome coronavirus, 2012)

❖ SARS-CoV-2 has a spike glycoprotein
on their surface that binds to ACE2
protein on the surface of host (animal)
cells that gives them entry into
cytoplasm

❖ Amino acid sequence of the spike
protein determine the range of host

https://www.sigmaal
drich.com/technical-
documents/protocols
/biology/ncov-
coronavirus-
proteins.html



Example of virus genome sequence analysis
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❖ Comparison of amino acid sequences of several coronavirus

Andersen K G et al., Nature Medicine 2020



How to compare “similar but different” genomes: match
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A C G T A C T A

A C G T A C T A
perfect match

ACGTACTA
Reference

ACGTACTA
Test



How to compare “similar but different” genomes: mismatch
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mismatch

A C G T A C T A

A C T T A C T A

ACGTACTA
Reference

ACTTACTA
Test



How to compare “similar but different” genomes: gap (indel)
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A C G T A C T A

A C - T A C T A

ACGTACTA
Reference

ACTACTA
Test

gap



How to compare “similar but different” genomes: scoring
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•Match = +3.0
•Mismatch = -0.5
•Gap = -1.0

A C T – G A T C

A C T T G A T T

mismatchgap

+3    +3    +3     -1     +3     +3    +3   -0.5 = 16.5

ACGTACTA
Reference

ACTACTA
Test

❖ The alignment score is used to estimate how ‘similar’ two/multiple genomes are
❖ But genome sequence is usually too long to handle manually



How to compare “similar but different” genomes: clustering
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Janssen P et al., 2012;



Analysis of SARS-Cov2 genome and protein sequence data

13

https://www.enzolifesciences.com/science-center/technotes/2020/july/how-do-coronavirus-disease-covid-19-tests-work?/

❖ Comparing various SARS-Cov2 genome will show how the virus spread through the 
world.

❖ Currently, most institutes diagnose COVID-19 by real-time PCR (RT-PCR), which 
amplifies specific regions of virus genome sequence
❖ WHO recommends usage of envelope gene and RdRp region for initial 

screening
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Get access to SARS-CoV-2 sequence data

❖ Open https://www.ncbi.nlm.nih.gov/ with Chrome
❖ Search SARS-CoV-2
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Get access to SARS-CoV-2 sequence data
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Get access to SARS-CoV-2 sequence data

scroll down
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Get access to SARS-CoV-2 sequence data

scroll down
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Get access to SARS-CoV-2 sequence data
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Get access to SARS-CoV-2 sequence data
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Get access to all available SARS-CoV-2 sequence data
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Get access to all available SARS-CoV-2 sequence data
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Select filters (1)

(1)

(2)
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Select filters (2)

(3)

❖ Select ‘oronasopharynx’ tab of Isolation Source.
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Perform multiple alignment to compare sequences

(1)

(2)
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Sequence comparison results
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Build phylogenetic tree

(1)

(2)
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Resulting phylogenetic tree from 6 countries
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Get access to SARS-CoV-2 ORF3a protein sequence data

(1)

(2)
(3)

(4)
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Multiple alignment & comparison of 127 ORF3a proteins
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Assignment

❖ LMS 강의컨텐츠 해당 주차 “과제: 생물정보학 실험“에 첨부한 보고서 파일을 

작성하여 제출합니다. 

❖ 제출 기한: 

❖ 월요일 반: 5/2 (화) 22:00 까지

❖ 수요일 반: 5/4 (목) 22:00 까지 

(1)  6개 국가에서 3개씩 바이러스 서열을 선택하여 phylogenetic tree를 그리고, 
      그 결과를 캡처하여 넣으시오.

(가장 서로 유사한 서열 pair와 가장 서로 다른 서열 pair가 무엇인지 서술하기)

(2) Multiple alignment와 scoring에 의해 어떻게 phylogenetic tree를 그리는지 
설명하시오. 

- Multiple alignment의 개념, scoring의 원리, tree로의 변환을 포함하여 설명 
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