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Fundamentals of genomics: code and analysis of genomic data
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AEEFBIT%I (Human Genome Project)
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Human Genome Project
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AEEFBIT%I (Human Genome Project)
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G (Next Generation Sequencing, NGS)

Human Genome Project — Human Reference DNA

---------------- GGTGAAAGAGGCCATATTAGCTAGGCTGAATTTTTGCTCA wwovssseeeeeeess
AAGAGGCCATATTAGCTA
TAGGCTGAATTTTTGCTCA
CATATTAGCTAGGCTGAATT

TGAAAGAGGCCATATTA
TTAGCTAGGCTGAATTTTT

ATATTAGCTAGGCTGAATTT

@z - TGAAAGAGGCCATATTA
AAGAGGCCATATTAGCTA
X —____—' 3  TTAGCTAGGCTGAATTTTT
ATATTAGCTAGGCTGAATTT
é%%%?%? CATATTAGCTAGGCTGAATT
TAGGCTGAATTTTTGCTCA
=
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N7 _EHL (Flow Cell Loading)

[llumina

Oligonucleotide

Match
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Library Hybridization on the Flow Cell




PCR Amplification




B 1 (Bridge Amplification) F=4EDNA#& (Cluster)
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Sequencing by Synthesis — Initiation
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Sequencing by Synthesis — Fluorescent Terminator Incorporation

* Flourescent Tag

* Termmnator



Sequencing by Synthesis — Fluorescent Terminator Incorporation

* Flourescent Tag One Nucleotide

* Termmnator



Sequencing by Synthesis — Cleavage and Next Cycle

* Flourescent Tag

* Termmnator



Sequencing by Synthesis — Read Sequence

Read Sequence



Seqguencing by Synthesis — Read Index




Single-end vs. Paired-end Sequencing

Sinsle Read

Sequencing Ends

Paired End

Second Index



Paired-End Sequencing

Paired End

Second Index

Unique Dual
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384 samples/flowcell



Paired-End Sequencing

Paired End
Second Index

Reverse Sftrand
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Demultiplexing (4377 : HreadsoECEIZEFER)

Demulfiplexed

TAGGCTGAATTTTTGCTCA ATATTAGCTAGGCTGAATTT

AACAGGCCATATTAGCTA TTAGCTAGGCTGAATTTTT

CATATTAGCTAGGCTGAATT  CATATTAGCTAGGCTCGAATT

Sample | Sample 2 Sample 3

ATATTAGCTAGGCTGAATTT TAGGCTGAATTTTTGCTCA TTAGCTAGGCTGAATTTTT
AACAGGCCATATTAGCTA CATATTAGCTAGGCTGAATT CATATTAGCTAGGCTGAATT



Mapping — Aligning Reads to the Reference Genome

Filtering and Mapping

Reference Genome

AACAGGCCATATTAGCTA
TAGGCTGAATTTTTGCTCA

CATATTACLTAGCCTGAATT

[CCTCGAAAGAGGCCATATTA
TTAGCTAGGCTGAATTTTT

ATATTAGCTAGCGCTGAATTT %EU tbxj_/_/_\i ( gl:l BWA
__5 Longer swﬁ%W&e )

™ Greater Confidence

Paired End Sequencina



Coverage and Read Depth

Filtering and Mapping

Reference Genome

---------------- GGTGAAAGAGGCCATATTAGCTAGGCTGAATTTTTGCTCA wovseeessseenss

arcAccaddATATTAdCTA
TAGGCTGAATTTTITGCTCA
ATATTAC TAGGCTGAATT

TCGAAACAGCCOATATTA
TTAGQCTAGGCTGAATTTT

ATATTALKCTAGGCTGAATTT] Coveraae
3x  Hx X
WGS — 30x | T '
Cancer 3.3X
Rare — [500x Average Read

Mutations Depth



W FEHEET,

FASTQ #ETszV

EEENFERINFREEIGEIES] G, £ dmEIRS (Base Calling) D&t ARENFERS (Sequenced
Reads) , FfiJfRZ /9 Raw Data 8¢ Raw Reads, ZERLA FASTQ M{H8I(FiE, HPEI[MFERFI (Reads)
R ERURENNANFREER. WFEHFRPESCEYEREEEG RO NE:

@HWUSI-EAS100R:6:73:941:1973#0/1
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCCATTTGTTCAACTCACAGTT

+

YUk (O ( (kokok+) ) %%%++) (%%%% ) « Txkk—+%" ") )*%k55CCF>>>>>>CCCCCCCh

F£—17: LL@ Fk, B Mumina JUFRIRBIE (Sequence Identifier) FOHmASEE
BT4T: WERRS (Sequence Line) , FHA, T, C. G. Nk,
=17 LA+ FFk
HIUT: AXNREERFFIRY NFREE (Quality Score) , A ASCH FRHmIS X8 MRENEREE.



MFEERE (Quality Score)

lllumina MFEF, ENMEENRZE(ERM Phred Q H F =, 1TEATA:

Hrp, e @1zE SRR

Q 1E&Xjr_€alf—|—
Qff HIRE TR
Q40 1/10,000 99.99%
Q30 1/1,000 99.9%

Q20 1/100 99%
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PacBio sequencing
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PacBio sequencing
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PacBio mafhll ==

S 2FR
CCS
(Circular Consensus INA—EUEN

Sequencing)

CLR
(Continuous Long LRI
Read Sequencing)

FERFR

5 BIRDNA R EHAIAIRAR
#& (SMRTbell)
DNARSH§a] 22K E—
oF, NmBEEIZTESE
reads
ZIRER SR ES
(Consensus Read) , X
KiREERZE (>Q30, %5
=2 < 0.1%)

REBMEIR—inFriates:
Y, AMEIR
aJ3k15i8{reads (>20-
50 kb) , (EfEIRERS
(£10-15%)

EHAY v B

SfaEreads;

ERT2EEABE. EF

Hothr, TGN
(SNV/indel)

ERTEREEASE (de
novo assembly) . &3
TREM (SV) . EEFS
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Nanopore sequencing

HRMKFLIEAR (Oxford nanopore technologies, ONT) B —FIRHMKFLNFNEI 28], F—1MEEMIinlONF2014FE 4.
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X EEDNA "
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1 O
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Nanopore seguencing

Nanopore DNA sequencing
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Pacific Biosciences

&

Oxford Nanopore
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HARDNE, KESTF, DIHERRIHE

v KIEK: MLTFEJL+ATREST,

v LTHEPCRYIE: BRT A BIEFRIRGEBHNERK,
e T N YA,

v B EENRNARFS, BEENBEN,

X BEEER. KEFVIRATREIEFEZ HIMEA

FRAECEIR, FH1x315%-40%.
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SHBE ZREBAERNIE .
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« —. =R, =PacBiolll AR R REFTETEDNASHIFXHEANRA/IC/GITS I NIFES
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NGS ZGEIREL

DERERERFHIETD  hyps:/ingde.cneb.ac.cn/

National Genomics Data Center
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BEEXEE GENSCAN. AUGUSTUS. BRAKER2
BEEDNARYINEE RepeatMasker
SERHENZELLRT PHAST. CACTUS
{RFDNATTIHRISEE phastCons, PhyloP

RNz S2EERERY

Bowtie, BWA, STAR

EEXS SR RERORE AT

SAMtools

ChIP-seqHipeakEE

MACS2, PeakSeq

BERRANES StringTie. FeatureCounts, Salmon
ERFANFIHERIE edgeR. DESseq?2
A RIS ENE MATS
HRETFERF (Motlf) EI’JZifJL, MEME, Homer
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o ENHIETMBHISEMERABNTEEEEHE : UCSC F1 Ensembl Genome
Browser, NCBI Genome Data Viewer &, 12T HEZ MMIFRIEEABZ)

EATE

o AHbEFEAENILEEEEIE IGV (Integrative Genomics Viewer), IGB (Integrated

Genome Browser)&s,
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https://genome.ucsc.edu/

Data Tracks

Scale 5 kb} | hg38
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IR SRS

EEYRFS I HAEEEATH, MENSEER. ERESRET (genomic mutation) /E/HLICHY
ZIOHElz—, XSYIFesE AR E R EM(EA.

Evolution of Model Organisms and the DNA Molecular Clock

Intracellular Models Multicellular Models Human Disease Models

Biochemistry Embryo Development : - =
Molecular Biolology Genetic Physiology SN coIOw neuralogical / viral
= N -
= < - et @ ®)
E. coli fruit fly fis amphibians  reptiles birds mice primates
X
68+ 1
(o]
2125 -
<
& :
S50l )N N N T “Neutral’/Non-coding DNA
(U] T + +
>~ 75% 56% 40%
8 i
= 500
S
1,000
20041 - - - . J ; “Protein” DNA
1% 50% 32% 20% 10% 5%
“16/18S rRNA” DNA
4,000 4 + i > 3 {
32% 16% 8% 4% 2% 1% 0.5%

Average Change in DNA
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=1 2 N=F / Varscan LiRA

FitEn GATK- Scomatic, Mutect2,  Monovar, Sccaller,
HaplotypeCaller, Octopus, Vardict CAN2,LoFreq,
Samtools, FreeBayes, MosaicHunter,
Platypus, Octopus Monopogen
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FIE8 DeepMosaic
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BWA

Burrows—Wheeler Aligner (BWA) #1 Bowtie ZETF Burrows-Wheeler Transform (BWT) 1 FM-index
HNEMELTEZR, BT EUFSRINERSY (reads) RIELEXIZISZEEREA F,

Reference genome

Mapped BAM
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FASTQ

BWA: http://bio-bwa.sourceforge.net/



Burrows-=Wheeler Transform

o T[iXAIHESITEHE (Reversible permutation) , ¥R TEIEEYE.

o ZEFEF5) (Database sequence) : T = acaacg § «—

$acaacg $acaacg $acaacg
g$acaac aacgSac aacg$ac
cg$acaa acaacgs$ acaacgs$
acg$aca —*>acgSaca —» acg$aca
aacg$ac caacg$a caacg$a
caacg$a cgSacaa cg$acaa
acaacg$ gSacaac g$acaac
(32N 20V XS THERR Last column

—> gc$aaac



Burrows=Wheeler Transform

o —BH{EHAR/E—%! (Last column) , BEftihEidiEES I LAESR
® BWTHEERIES (First column), AJLUEIE X last columnHEFEE!
® 7flLastcolumnd, ERFEBARERE—IE, NMEEEREZESN

gcSaaac -> compression -> gcS3ac T = acaacg
$Sacaacg $acaacg $acaacg
gSacaac aacg$ac aacgSac
cgSacaa acaacg$ acaacg?$
acgSaca —sacg$Saca —> acg$aca—>gcS$aaac
aacgsSac caacg$a caacg$a
caacgsSa cg$acaa cg$acaa
acaacgs$ g$acaac gSacaac

an{alFIA BWT(T) tkERIaE5 T?
—— LF R85 (LF mapping)




Burrows=Wheeler Transform

® |LF mapping

® ZILRIE
o F 50 L 718 EERNFAES, RERIFAR.
® F—i7, L5l EhrL FA Bi— =465
® TFHRHE L FIPRYSE AR, XTI F FUFZFRFR0SE A ORI,

O

acg aacg caacg acaacg
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Download UGENE and components

The current stable version is 52.1 (May, 2025). See release notes.

Latest UGENE Packages

o UGENE for Windows 64-bit (installer)
o UGENE for Windows 64-bit (.zip)

e UGENE for Linux 64-bit (.tar.gz)

e UGENE for macOS (.dmg)




