
Bioinformatics & Hybrid-Seq

생물정보팀 전형린



Definition of Bioinformatics

https://www.wur.nl/en/Education-Programmes/BSc-Minors/List-of-BSc-minors/BSc-minor-Bioinformatics-WUBIF.htm

• Bioinformatics is an interdisciplinary field that develops methods and software tools for 

understanding biological data. 

• As an interdisciplinary field of science, bioinformatics combines biology, computer 

science, information engineering, mathematics and statistics to analyze and interpret biological 

data. 

• Bioinformatics has been used for in silico analyses of biological queries using mathematical and 

statistical techniques.

https://en.wikipedia.org/wiki/Interdisciplinary
https://en.wikipedia.org/wiki/Software_tool
https://en.wikipedia.org/wiki/Biology
https://en.wikipedia.org/wiki/Biology
https://en.wikipedia.org/wiki/Computer_science
https://en.wikipedia.org/wiki/Information_engineering_(field)
https://en.wikipedia.org/wiki/Mathematics
https://en.wikipedia.org/wiki/Statistics
https://en.wikipedia.org/wiki/In_silico


Filed of Bioinformatics

https://www.quora.com/Whats-the-difference-between-bioinformatics-and-biotechnology



Required skills

https://www.semanticscholar.org/paper/Bioinformatics-curriculum-development-
and-skill-for-Wu-Palani/42d0e8d39dcd5ffbc04a16a2a3e04bb61c3ec4c9/figure/8



Required skills

• Programming
• Python
• Perl
• R
• JAVA

• Bioinformatics tools
• Alignment
• Variant Calls
• Peak Calling
• Quantification 

of expression

• Algorithm
• Artificial neural network
• Decision tree learning
• Bayesian network
• Support vector machine

• Statics
• chi-squared distribution
• F-distribution
• Regression analysis
• Multivariate statistics

• Biology
• Genomics
• Epigenomics
• Transcriptomics
• Proteomics
• Metabolomics



Example of bioinformatics

Normal Cell

Cancer Cell

Fastq from 
RNA-Seq

Quality Check

Bioinformatics tool : fastqc
Statics : phred score

Mapping to 
genome

Bioinformatics tool : STAR
Algorithm : seed searching, 
clustering/stitching/scoring 
step

Assembly of 
transcript

Bioinformatics tool : Cufflinks
Algorithm: overlap graph, 
minimum path cover
Biology : transcriptome

Quantification 
of expression

Bioinformatics tool : 
Cufflinks
Statics: log likehood

Functional 
analysis

Bioinformatics tool : 
GSEA, g:Profiler
Biology : 
transcriptome, 
whole biological 
process related to 
RNA expression



Example of bioinformatics 

AGTGTAGTGTACGCCCAAT

AGTGTAGTGTACGCCCAATTGTACGAGCATCATCGTGAAGGTCTGATGTTGTAC
GTGTACG

TGTACG



Example of bioinformatics 

Current Biology, 2018



Future of bioinformatics 

Nature Reviews Gastroenterology and Hepatology, 2019



Raw data from Illumina sequencer

https://kscbioinformatics.wordpress.com/2017/02/03/raw-illumina-sequence-data-files-for-dummies-part-1/



Fastq format

https://kscbioinformatics.wordpress.com/2017/02/03/raw-illumina-sequence-data-files-for-dummies-part-1/



phred score(Q score)

https://www.illumina.com/documents/products/technotes/technote_Q-Scores.pdf



ASCII table

https://www.illumina.com/documents/products/technotes/technote_Q-Scores.pdf
http://cn.voidcc.com/question/p-umzpfpil-qz.html



ASCII represent quality score

https://www.illumina.com/documents/products/technotes/technote_Q-Scores.pdf
http://cn.voidcc.com/question/p-umzpfpil-qz.html



Fasta format

https://www.researchgate.net/figure/A-sample-of-the-Multi-FASTA-file_fig1_309134977



Gff format

http://resources.qiagenbioinformatics.com/manuals/clcgenomicsworkbench/950/index.php?manual=GFF3_format.html



Bioinformatics used in other filed 

Frontiers in Human Neuroscience, 2019



Evolution

https://store.glennz.com/blogs/glennz-concepts/29641793-evolution



Evolution mechanism

https://ib.bioninja.com.au/higher-level/topic-10-genetics-and-evolu/103-gene-pools-and-speciati/evolution.html



RNA world

https://www.quora.com/What-are-the-leading-theories-as-to-how-ATP-arose-as-the-energy-carrier-in-cellular-respiration



Bioinformatics used in other filed 

Frontiers in Human Neuroscience, 2019



Natural history - Darwin's finches

https://www.thoughtco.com/charles-darwins-finches-1224472



Population genetics, phylogeography, and phylogenetics

PNAS , 2016



Application of high-throughput sequencing methods

Marine Genomics, 2016



Application of high-throughput sequencing methods

Molecular phylogenetics and evolution, 2013



Phylogenetic positons

BMC Evolutionary Biology, 2018



Whole genome sequencing for Phylogenetics

Cell host & microbe, 2016



Applications of NGS to phylogenetics

Molecular phylogenetics and evolution, 2013

Restriction-digest based methodsAmplicon based methods

Probe based methods



Amplicon sequencing for Phylogenetics

Nature Reviews Genetics, 2019



16s rRNA Amplicon-seq analysis

https://www.slideshare.net/MadsAlbertsen/130919-16-sworkshopintroduction
BMC Genomics, 2017



Diagnosis based on Amplicon-seq

npj Systems Biology and Applicationsvolume, 2018



Restriction site-associated DNA sequencing

NATURE REVIEWS GENETICS, 2016



Restriction site-associated DNA sequencing

NATURE REVIEWS GENETICS, 2016



Hybrid-Seq

NATURE REVIEWS GENETICS, 2016



Steps for Hybrid-Seq

Systematic Biology, 2012



Steps for Hybrid-Seq

Systematic Biology, 2012



Locus Selection & Probe Design

http://jemu.myspecies.info/sites/jemu.myspecies.info/files/EvoLunch_Hybrid%20enrichment.pdf

• Locus Selection
• ~500 “single copy” loci (typically long exons) 
• Conserved element (~20% divergence required) 
• Adjacent to less conserved regions 
• Loci are selected based on broad taxonomic group (e.g., 

vertebrates)
• Probe Design

• Incorporate sufficient number of lineages 
• Tile probes across conserved region 
• Goal is to capture ~1500bp regions 
• Probe sets are designed for project-specific clade



de novo transcriptome sequencing

https://en.wikipedia.org/wiki/File:Summary_of_RNA-Seq.svg



Probe Design Workflow

http://jemu.myspecies.info/sites/jemu.myspecies.info/files/EvoLunch_Hybrid%20enrichment.pdf



Experiment for Hybrid-Seq

Nature Reviews Microbiology, 2017



Shallow-scale phylogenetic utility

Systematic Biology, 2012



Pipeline to analysis Hybrid-Seq

Hybrid-Seq
(.fastq)

Quality filter

Gene Assembly and 
Construction of  supercontig

(HybPiper)

Multiple Sequence 
Alignment
(PASTA)

Cleaning Bases
(Phyutility)

Calculation of K2D
(distats.pl)

Concatenation
(AMAS)

Construction of 
Phylogenetic Tree

(iqtree) 



Sequencing quality



HybPiper

https://github.com/mossmatters/HybPiper/wiki



Recovery efficiency for 458 genes 

Appl Plant Sci., 2016



Depth-of-coverage plots

Appl Plant Sci., 2016



Multiple sequence alignment

Bioinformatics and Computational Biology,  2009



Alignment : PASTA

J Comput Biol., 2015



Alignment : mafft

Briefings in Bioinformatics, 2008



Result from several programs

Plos one, 2011



Result from several programs

Plos one, 2011



Comparison among MSA tools

Evol Bioinform Online., 2014



AMAS : Concatenation

PeerJ, 2016



Positon of each gene on concatenated file



서버 접속

1. 클릭 2. IP입력 () 3. ID입력 ()



서버 접속

1. 클릭 2. IP입력 () 3. ID입력 ()

4. 더블 클릭

5. Passward 입력
()



리눅스 기본 명령어



리눅스 기본 명령어



리눅스 기본 명령어



리눅스 기본 명령어



리눅스 기본 명령어



리눅스 기본 명령어



Quality check

fastqc [Input fastq]

fastqc RawData/Art020.R1.fq.gz
fastqc RawData/Art020.R2.fq.gz

fastqc RawData/Art025.R1.fq.gz
fastqc RawData/Art025.R2.fq.gz

fastqc RawData/Art069.R1.fq.gz
fastqc RawData/Art069.R2.fq.gz

firefox RawData/Art020.R1_fastqc.html



Quality check – Per base sequence quality



Quality check – Sequence duplication levels



Quality check – Adapter content



Read cleaning

mkdir CleanRead

skewer -t 2 -m pe -q 30 -l 25 -k 3 -r 0.1 -d 0.1 -x AGATCGGAAGAGCACACGTCTGAACTCCAGTCA -y 
AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGT -o CleanRead/Art020 RawData/Art020.R1.fq.gz 
RawData/Art020.R2.fq.gz

skewer -t 2 -m pe -q 30 -l 25 -k 3 -r 0.1 -d 0.1 -x AGATCGGAAGAGCACACGTCTGAACTCCAGTCA -y 
AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGT -o CleanRead/Art025 RawData/Art025.R1.fq.gz 
RawData/Art025.R2.fq.gz

skewer -t 2 -m pe -q 30 -l 25 -k 3 -r 0.1 -d 0.1 -x AGATCGGAAGAGCACACGTCTGAACTCCAGTCA -y 
AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGT -o CleanRead/Art069 RawData/Art069.R1.fq.gz 
RawData/Art069.R2.fq.gz

skewer -t 2 -m pe -q 30 -l 25 -k 3 -r 0.1 -d 0.1 -x AGATCGGAAGAGCACACGTCTGAACTCCAGTCA -y 
AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGT -o CleanRead/Art102 RawData/Art102.R1.fq.gz 
RawData/Art102.R2.fq.gz

mq="30"  # mq: minimum quality; quality to trim off the read terminal under $mq
st="3"   # st: stringency; length of overlap with adapter sequence required to trim a sequence
er="0.1" # er: error rate; number of errors divided by the length of the matching region; default is '0.1'.
ml="25"  # ml: minimum length; length to discard the under $ml after trimming
a1="AGATCGGAAGAGCACACGTCTGAACTCCAGTCA"    # a1: Common Region of TruSeq Indexed Adapter of 
Read 1
a2="AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGT"    # a2: Common Region of TruSeq Indexed Adapter of 
Read 2



HybPiper

mkdir HybPiper
mkdir SuperContig

reads_first.py -b Reference/Single.Copy.GeneSequence.fa -r CleanRead/Art020-trimmed-pair?.fastq --prefix 
HybPiper/Art020 --bwa --cpu 16
reads_first.py -b Reference/Single.Copy.GeneSequence.fa -r CleanRead/Art025-trimmed-pair?.fastq --prefix 
HybPiper/Art025 --bwa --cpu 16
reads_first.py -b Reference/Single.Copy.GeneSequence.fa -r CleanRead/Art069-trimmed-pair?.fastq --prefix 
HybPiper/Art069 --bwa --cpu 16
reads_first.py -b Reference/Single.Copy.GeneSequence.fa -r CleanRead/Art102-trimmed-pair?.fastq --prefix 
HybPiper/Art102 --bwa --cpu 16

python /home/Programs/HybPiper/intronerate.py --prefix HybPiper/Art020 
python /home/Programs/HybPiper/intronerate.py --prefix HybPiper/Art025 
python /home/Programs/HybPiper/intronerate.py --prefix HybPiper/Art069 
python /home/Programs/HybPiper/intronerate.py --prefix HybPiper/Art102



HybPiper

cd HybPiper/ ; python 
/home/Programs/HybPiper/get_seq_lengths.py ../Reference/Single.Copy.GeneSequence.fa ../Reference/Name_lis
t.txt dna > Seq_Length.txt ; python /home/Programs/HybPiper/hybpiper_stats.py 
Seq_Length.txt ../Reference/Name_list.txt > HybPiper_Stats.txt

while read i; do echo $i; python /home/Programs/HybPiper/paralog_investigator.py $i; done 
< ../Reference/Name_list.txt &> paralog_investigator.log

python /home/Programs/HybPiper/retrieve_sequences.py ../Reference/Single.Copy.GeneSequence.fa . 
supercontig > supercontigs.log

cd ../
perl Reference/singleline.pl HybPiper/c8590_g1_i1_supercontig.fasta > 
SuperContig/c8590_g1_i1_supercontig.fasta
perl Reference/singleline.pl HybPiper/c46363_g1_i1_supercontig.fasta > 
SuperContig/c46363_g1_i1_supercontig.fasta
perl Reference/singleline.pl HybPiper/c45242_g1_i2_supercontig.fasta > 
SuperContig/c45242_g1_i2_supercontig.fasta
perl Reference/singleline.pl HybPiper/c36136_g2_i2_supercontig.fasta > 
SuperContig/c36136_g2_i2_supercontig.fasta



Gene sequence summary



Multiple sequence alignment

mkdir Alignment

mafft --thread 25 --adjustdirectionaccurately --leavegappyregion --maxiterate 0 --memsavetree --retree 1  
SuperContig/c36136_g2_i2_supercontig.fasta > Alignment/c36136_g2_i2.fas

mafft --thread 25 --adjustdirectionaccurately --leavegappyregion --maxiterate 0 --memsavetree --retree 1  
SuperContig/c45242_g1_i2_supercontig.fasta > Alignment/c45242_g1_i2.fas

mafft --thread 25 --adjustdirectionaccurately --leavegappyregion --maxiterate 0 --memsavetree --retree 1  
SuperContig/c46363_g1_i1_supercontig.fasta > Alignment/c46363_g1_i1.fas

mafft --thread 25 --adjustdirectionaccurately --leavegappyregion --maxiterate 0 --memsavetree --retree 1  
SuperContig/c8590_g1_i1_supercontig.fasta > Alignment/c8590_g1_i1.fas

sed -i 's/-c.*_g[0-9*]_i[0-9]*//'  Alignment/*
sed -i 's/_c.*_g[0-9*]_i[0-9]*//'  Alignment/*



MSA result



Cleaning base with low coverage

mkdir CleanSeq

java -jar /home/Programs/phyutility-ver2.2.6/phyutility.jar -clean 0.9 -in Alignment/[GeneName] -out CleanSeq
/[GeneName]

java -jar /home/Programs/phyutility-ver2.2.6/phyutility.jar -clean 0.9 -in Alignment/c36136_g2_i2.fas -out 
CleanSeq/c36136_g2_i2.fas

java -jar /home/Programs/phyutility-ver2.2.6/phyutility.jar -clean 0.9 -in Alignment/c45242_g1_i2.fas -out 
CleanSeq/c45242_g1_i2.fas

java -jar /home/Programs/phyutility-ver2.2.6/phyutility.jar -clean 0.9 -in Alignment/c46363_g1_i1.fas -out 
CleanSeq/c46363_g1_i1.fas

java -jar /home/Programs/phyutility-ver2.2.6/phyutility.jar -clean 0.9 -in Alignment/c8590_g1_i1.fas -out 
CleanSeq/c8590_g1_i1.fas



Cleaning result



Concatenation

mkdir ConcateSeq

/home/Programs/amas-0.98/amas/AMAS.py concat -i CleanSeq/*fas -f fasta -d dna --concat-out 
ConcateSeq/ConcatenatedSeq.fa -c 12

mv partitions.txt ConcateSeq/



Tree construction

mkdir Tree

iqtree -s ConcateSeq/ConcatenatedSeq.fa -m GTR+G -nt 48 -pre Tree/Artemisia -alrt 1000 -bb 1000 -redo

cp Tree/Artemisia.treefile Tree/Artemisia.FinalTree.nwk
sed -i "s/[0-9][0-9][0-9]\///gi" Tree/Artemisia.FinalTree.nwk
sed -i "s/[0-9][0-9]\.[0-9]\///gi" Tree/Artemisia.FinalTree.nwk
sed -i "s/[0-9][0-9]\///gi" Tree/Artemisia.FinalTree.nwk
sed -i "s/[0-9]\.[0-9]\///gi" Tree/Artemisia.FinalTree.nwk
sed -i "s/[0-9]\\///gi" Tree/Artemisia.FinalTree.nwk



Phylogenetic tree




