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Overview of NGS pipeline



Raw Reads (fastq)

Quality Control

Trimming

Genome Alignment

Quantification

Data Analysis

Key words at each step:

Dastq,  
7OYed scorLZ

fastqc, 
Adapter contamination, 
Low quality ends

Adaptor trimming,  
Quality trimming 

9LMLYence genome (fasta),  
Aligners (Hisat2/Tophat2/Bowtie2), 
Alignment results (SAM/BAM)

IGV visualization 
;ranscript annotation (GFF/GTF),  
Read count

Normalization,  
+PɈLYential analysis,  
Clustering, PCA, 
and more …

NGS pipeline

8\HU[PMPJH[PVU�PZ�RUV^PUN�[OL�
KPZ[YPI\[PVU�
�JV\U[Z�VM�YLHKZ�
V]LY�NLUVTPJ�MLH[\YLZ�



:(4 is a text-based format. It stores the genome mapping results reported by the aligner. 
The alignment section within is a table. Each row in the table is a read alignment record, 
several key columns are:


• -3(.: the alignment information (aligned or not, aligned in pairs, multiple alignment ect.)
• 95(4,: ID for the aligned chromosome / transcript.
• 76:: the aligned position on the chromosome / transcript (based on read 5’ start).
• 4(78: the mapping quality in terms of alignment score
• *0.(9: summary of alignment events (e.g. insertion, deletion)

SAM format



.;-�.-F format
• (UUV[H[PVUZ
Genome annotations are the genomic experiments conducted earlier than the current one.
The commonly used genome annotations are genes, transcripts, exons, introns, CDS, and 
various epigenetic markers.


• How can we rLWYesent and store genome annotations?
Genome annotations are defined in genomic intervals, which contain the information of 
the locations (start, end, width) on chromosomes, chromosome numbers, and strands  (+, 
-, ; * for unknown strand).


The gene annotations are often stored under the formats of .;-, .--, and ),+�

GFF columns: Chromosome, Source, Feature type, Start position, End position, Score, Strand

Reading Frame - 0, 1 or 2 indicating which base of the feature is the first base of the codon

Semicolon separated attribute: ID (feature name); PARENT (meta-feature name)



How to see the aligned rLHKZ&

Read coverage

Gene annotation

Aligned reads

• 0.=��0U[LNYH[P]L�.LUVTL�=PL^LY��PZ�H�NLUVTL�IYV^ZLY�KL]LSVWLK�I`�[OL�)YVHK
0UZ[P[\[L��^OPJO�HJJLW[Z�)(4�:(4�MPSLZ�HZ�PUW\[�

• 0[�H\[VTH[PJHSS`�JVTW\[LZ�YLHK�JV]LYHNL�I`�Z[HJRPUN�[OL�HSPNUTLU[Z�HSVUN�NLUVTL
JVVYKPUH[LZ�

• 6UL�VM�[OL�ILZ[�^H`Z�[V�JOLJR�HUK�\UKLYZ[HUK�H�OPNO�[OYV\NOW\[�NLUVTPJ�L_WLYPTLU[
PZ�[OYV\NO�[OL�]PZ\HSPaH[PVU�VM�HSPNULK�YLHKZ�HNHPUZ[�NLUL�HUUV[H[PVU�PU�0.=�



The aim of quantification



What biological questions can be 
HUZ^LYed after genome mapping?

Intron

Genome Sliding Windows

How many (relative) copies of transcripts are 
expressed by Gene A and Gene B, respectively?

Gene A Exon 2 Gene BExon 1 Exon 1 Exon 2 Exon 3

Which genomic regions are modified by Histone 
modification X?

+LMPULK�I`�NLUL�
HUUV[H[PVU�.;-��%

Chip-seq IP reads

Bin size 100 bp 

Quantify gene 
L_WYession 
SL]LSZ!

Identify 
binding sites�
VM�LWPNLUL[PJ�
THYRLYZ: IP used antibody against 

histone modification X

RNA-Seq readsRNA-Seq readsRNA-Seq reads



What biological questions can be 
HUZ^LYed after genome mapping? 

Identify diɈLYentially 
L_WYessed genes:

Identify diɈLYLU[PHSS`�
LUYPJOLK peaks:

Gene X

Condition A

Condition B

Is gene X significantly 
differentially expressed across 
condition A & condition B?

Peak X

Condition A

Condition B

Is peak X significantly 
differentially TVKPMPLK across 
condition A & condition B?

Accurate quantiÄcation is 
necessary for diɈLYential analysis



Read count methods



Read count methods over genomic ranges
3 major modes are implemented in 
HTSeq Count (or equivalently R 
summarizeOverlaps):


�� <UPVU*, a read belongs to the
feature if any overlap exist
between read & feature.

* Can ensure sensitivity, should be
used for bin count in peak calling.

�� 0U[LYZLJ[PVU:[YPJ[*, a read
belongs to the feature if it falls
“within” a feature. i.e. only
compatible reads are counted.

* Can ensure specificity, should be
used for transcript quantification.

�� 0U[LYZLJ[PVU5V[,TW[ ,̀ a
loosely defined union mode,�
reads mapped to > 1 features�
are still JV\U[LK�[V�[OL�
JVTWH[PISL�MLH[\YL�



How to count paired end rLHKZ&

Fragment count vs read count

• 0SS\TPUH�WHPYLK�LUK�ZLX\LUJPUN�SPIYHY`�NLULYH[LZ�YLHKZ�MYVT�IV[O�LUKZ�VM�H�+5(�J+5( 
MYHNTLU[�

• ;OL�WHPYLK�YLHKZ�HYL�L_WLJ[LK�[V�IL�HSPNULK�JVUJVYKHU[S`�I`�NLUVTL�THWWPUN�ZVM[^HYL� 
^OPJO�HSSV^Z�[OL�KL[LYTPUH[PVU�VM�[OL�YHUNL�VM�[OL�MYHNTLU[�VU�[OL�NLUVTL�

• ;V�X\HU[PM`�7,�NGS�SPIYHY`��MYHNTLU[�JV\U[�PZ�VM[LU used instead of read count, as it better 
YLMSLJ[Z�[OL�\UKLYS`PUN�IPVSVN`�

• 0U�WYHJ[PJL��MYHNTLU[�JV\U[�PZ�HWWYV_PTH[LS`�OHSM�VM�[OL�JVYYLZWVUKPUN�YLHK�JV\U[�

Span of a read pair = a fragment



Isoform level quantification



The challenge of transcript isoform

;ranscript isoform 1

;ranscript isoform 2

;ranscript isoform 3

• (S[LYUH[P]L�ZWSPJPUN�JHU�YLZ\S[�PU�NLULZ�L_WYLZZPUN�T\S[PWSL�[YHUZJYPW[�PZVMVYTZ�

• ;OL�YLHK�JV]LYHNL�VM�Z\JO�NLULZ�JHU�IL�JVU]VS]LK�I`�ZPNUHSZ�VYPNPUH[PUN�MYVT�T\S[PWSL
[YHUZJYPW[�PZVMVYTZ�

• ;V�LZ[PTH[L�PZVMVYT�ZWLJPMPJ�L_WYLZZPVU�SL]LSZ��HU�,4��,_WLJ[H[PVU�4H_PTPaH[PVU�
HSNVYP[OT�JHU�IL�\ZLK�

What are the count / expression 
levels for each transcript isform?



Isoform level quantification: EM algorithm

Tx isoform 1 Tx isoform 2 Tx isoform 3

Read 1 1 0 1

Read 2 0 1 1

Read 3 0 0 1

Read 4 1 0 1

Estimated 
HI\UKHUJL 0.8+0+0+0.7 0+0.6+0+0 0.2+0.4+1+0.3

,4�HSNVYP[OT�PZ�HU�P[LYH[P]L�WYVJLK\YL�MVY�LZ[PTH[PUN�[OL�L_WYLZZPVU�SL]LSZ�VM�[YHUZJYPW[Z��NP]LU�H�
JVTWH[PIPSP[`�TH[YP_�IL[^LLU�YLHKZ�HUK�[YHUZJYPW[Z��;OL�NVHS�VM�[OL�,4�HSNVYP[OT�PZ�[V�LZ[PTH[L�[OL�
	WYVIHIPSP[`	�VM�YLHKZ�JVTPUN�MYVT�LHJO�[YHUZJYPW[��
;OL�HSNVYP[OT�^VYRZ�HZ�MVSSV^Z!
�� 0UP[PHSPaL�^P[O�ZVTL�YHUKVT�L_WYLZZPVU�SL]LS�LZ[PTH[LZ�
�� ,�Z[LW!�,Z[PTH[L�[OL�WYVIHIPSP[`�VM�YLHKZ�ILPUN�HZZPNULK�[V�KPMMLYLU[�[YHUZJYPW[Z��NP]LU�[OL

JVTWH[PIPSP[`�TH[YP_�HUK�[OL�J\YYLU[�L_WYLZZPVU�SL]LS�LZ[PTH[LZ�
�� 4�Z[LW!�<WKH[L�[OL�L_WYLZZPVU�SL]LS�LZ[PTH[LZ�I`�Z\TTPUN�[OL�YLHK�WYVIHIPSP[PLZ��JVS\TU�Z\TZ��
�� 9LWLH[�Z[LWZ���HUK���\U[PS�[OL�L_WYLZZPVU�SL]LS�LZ[PTH[LZ�JVU]LYNL�

0.7 0.3

1

0.40.6

0.20.8
Red number:

Probabilities reads 
coming from each 
transcript

0

0 0

0

0



,�Z[LW!�Oow to calculate
Prob( read -> transcript | transcript expression levels ) ?

Read X

Isoform 1: 

Expression level = 24

Isoform 2: 

Expression level = 6

Isoform 3: 

Expression level = 18

Prob( Read X come from 
isoform 1) 


 = 
24

• (ZZ\TPUN�\UPMVYT�NLULYH[PVU��[OL�WYVIHIPSP[`�VM�H�YLHK�JVTPUN�MYVT�H�[YHUZJYPW[�PZ�[OL
MYHJ[PVU�VM�[OH[�[YHUZJYPW[�Z�L_WYLZZPVU�SL]LS�HTVUN�[OL�Z\T�VM�[OL�L_WYLZZPVU�SL]LSZ�VM�HSS
[YHUZJYPW[Z�JVTWH[PISL�^P[O�[OL�YLHK�

• ;OL�,4�HSNVYP[OT�PZ�JVTTVUS`�\ZLK�[V�LZ[PTH[L�[YHUZJYPW[�L_WYLZZPVU�SL]LSZ�HUK�PZ
PTWSLTLU[LK�PU�THU`�95(�:LX�X\HU[PMPJH[PVU�ZVM[^HYL�Z\JO�HZ�2HSSPZ[V��ZHSTVU��HUK�HSWPUL�

0M�?�PZ�JVTWH[PISL�
^P[O isoform 1!

24 + 6 + 18 
LSZL! = 0



Ratio based quantities



Ratio based quantities

• ;OL�SVN�VM�YH[PV�IL[^LLU�YLHK�JV\U[Z�PZ�VM[LU�\ZLK�PU�M\UJ[PVUHS�NLUVTPJZ�HUK 
LWPNLUL[PJZ�[V�YLWYLZLU[�TLHUPUNM\S�X\HU[P[PLZ�

• -VY�PUZ[HUJL��[OL�SVN�MVSK�JOHUNL�LZ[PTH[L�PZ�\ZLK�[V�TLHZ\YL�OV^�T\JO�H�NLUL�Z 
L_WYLZZPVU�SL]LS�OHZ�JOHUNLK�HJYVZZ�[^V�JVUKP[PVUZ�

• SVN�VKKZ�LZ[PTH[L�PZ�\ZLK�[V�TLHZ\YL�[OL�HI\UKHUJL�VM�HU�LWPNLUL[PJ�ZP[L�PU�H 
NP]LU�JVUKP[PVU�

Log Fold Changes in DGEA

:JPLU[PMPJ�ZPNUPMPJHUJL

:[H[PZ[PJHS�
ZPNUPMPJHUJL



Log Odds 

Methylation level / M-level: log( methylated read count / unmethylated read count) over 
methylation sites in bisulfite sequencing


DBP enrichment level : log ( IP read count / input read count ) over peaks in CHIP-Seq


Log Fold Changes 

Differential gene expression effect size:                                                          
log( treatment read count / control read count ) over genes in RNA-Seq

Ratio based quantities
Clustering analysis based on DNA methylation level

Aligned 
reads

DNA methylation site
Genome

m5C
C

M-level = log( methylated
un-methylated

) = log( 4
3 ) = 0.288



Shrinkage estimator�MVY�YH[PV

• One critical challenge of log fold change estimates is the high estimation�noise
(standard error) when counts are small (typically <= 10).

• Therefore, lV^�count genes VY epigenetic sites are often filtered�V\[ or�[YLH[LK�as
missing values in down stream analysis.

• A bayesian solution to reduce statistical noise in low count regions is�LTWPYPJHS
)H`LZ�ZOYPURHNL��^OPJO�PZ�Pmplemented by R packages�Z\JO�HZ�DESeq2, ashr,�HUK
apeglm …

Log FC shrinkage by Gaussian prior Default Log FC estimates

3V]L��4PJOHLS�0���>VSMNHUN�/\ILY��HUK�:PTVU�(UKLYZ��	4VKLYH[LK�LZ[PTH[PVU�VM�MVSK�JOHUNL�HUK�KPZWLYZPVU�MVY�95(�ZLX�
KH[H�^P[O�+,:LX��	�.LUVTL�IPVSVN`�������������!������
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