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Bioinformatics-II 
Introduction to Sequencing Technologies



• Sanger sequencing
• Next Generation Sequencing
• Measure RNA and epigenomes
• Single cell omics technique
• Real time sequencing

Outline



Flow of information in molecular biology

• Cell maintain and express genetic information [OYV\NO [OYLL main
processes:�replication, transcription, translation.

• Epigenetic markers, such as histone modification and DNA
methylation, WSH`�H�YVSL�PU�YLN\SH[PUN transcription.

• Measuring [OL�genome, transcriptome and epigenome is JY\JPHS
for�our understanding of life.

Transcription Translation

Replication



Sanger sequencing



How to experimentally determine the sequence of a 
DNA molecule?

• ddNTPs lack the 3'-OH group required for phosphodiester bond formation.

ddNTPs



Sanger Sequencing

:[LWZ�MVY�:HUNLY�ZLX\LUJPUN!
�� 4P_�H�SV^�HTV\U[�VM�JOHPU�[LYTPUH[PUN�KK5;7�^P[O�UVYTHS�K5;7�PU�7*9�YLHJ[PVU�

JH\ZPUN�YHUKVT�[LYTPUH[PVU�VM�YLWSPJH[PVU�
�� <ZL�NLS�LSLJ[YVWOVYLZPZ�[V�ZLWHYH[L�JOHPU�[LYTPUH[LK�VSPNVU\JSLV[PKLZ�I`�ZPaL�
�� ,HJO�KK5;7�OHZ�H�\UPX\L�MS\VYLZJLU[�SHILS��HSSV^PUN�[OL�ZLX\LUJLY�[V�YLHK�[OL

ZLX\LUJPUN�YLZ\S[Z�IHZLK�VU�JVSVY�



How to make the Sanger sequencing more efficient, 
i.e. able to measure multiple sequences at one time?

x 1

Speed is too slow using one Sanger sequencing machine



x N …

How about having multiple sequencers run together? 

Back in 2000



Next generation sequencing



illumina sequencing��+5(�:LX�
Step 1. Library Preparation

• In NGS library�preparation,
the DNA�sample is
firstly�fragmented.

• Next, the specialized
adapters are ligated
to�both fragment ends.



illumina sequencing
Step 2. Cluster Amplification

• The library is loaded into a
flow cell and the fragments
are hybridized to the flow cell
surface.

• Each bound fragment is
amplified into a colonel cluster
through bridge amplification (a
type of PCR act on flow cell).



illumina sequencing
Step 3. Sequencing

• Sequencing reagents, including
fluorescently labeled nucleotides,
are added and the first base is
incorporated.

• The flow cell is imaged and the
emission from each cluster is
recorded.

• The emission wavelength and
intensity are used to identify the
base.

• This cycle is repeated “n” times
to create a read length of “n”
bases.

The flow cell 
image



illumina sequencing
Step 4. Alignment and Data Analysis

• Reads are aligned to a reference genome
with bioinformatics software.

•After alignment, differences between the
reference genome and the newly
sequenced reads can be identified.



Measure RNA and epigenomes



How can we measure diverse YHUNLs of 
genomic molecules with Illumina sequencing?

Total DNA/RNA from 
initial cellular sample

A set of molecular biology 
experiments that can “extract” H� 
ZWLJPMPJ portion�VM�NLUVTL� 
[YHUZJYPW[VTL��

(�+5(�SPIYHY` is�JYLH[LK�[V� 
YLWYLZLU[�[OL�ZPNUHS�VM�PU[LYLZ[��Z\JO� 
HZ�T95(��LWPNLUL[PJ�THYRLYZ��VY� 
JOYVTH[PU�JVUMVYTH[PVU�

High throughput 
sequencing

• Poly-A
selection 

• Antibody
enrichment 

• Tn5 treatment
• Bisulfite

conversion 
…



,_HTWSL!�TLHZ\YPUN�[OL�ZLX\LUJLZ�
VM��L_WYLZZLK��T95(Z

• The RNA transcripts are fragmented
to ~200bp fragments.

• The fragments are reverse
transcribed to cDNA, and the cDNA
fragments are then amplified by
PCR.

• 2 types of DNA libraries can be
generated for illumina sequencing:
single-end library and paired-end
library.

• Single-end sequencing sequence
one end of the cDNA fragment.

• Paired-end sequencing sequence
both ends of the cDNA fragment.
The mates within a pair are on
different strands of the cDNA
fragment.



RNA-seq

cDNA fragments

• 7oly-A selection or
ribosomal RNA removal�are
\ZLK to enrich the�mRNA
component VM total�RNA.

• .LUVTL�THWWPUN�ZVM[^HYL�PZ
\ZLK�[V�HSPNU�ZLX\LUJPUN
YLHKZ�[V�[OL�NLUVTL.

• Gene expression levels can
be quantified by counting�the
aligned reads mapped�to the
gene annotations.



How to use illumina sequencing to profile 
epigenetic modifications?

• The histone binding DNA fragments are enriched with immuno-precipitation.



ChIP-seq

Peak Calling



ATAC-Seq

• (;(*�ZLX�PZ�H�[LJOUPX\L�MVY
LWPNLUL[PJ�WYVMPSPUN�[OH[�JHU
KL[LJ[�VWLU�JOYVTH[PU�YLNPVUZ
PU�H�NLUVTL�

• ;OL�+5(�ZHTWSL�PZ�[YLH[LK�^P[O
;U��[YHUZWVZHZL��^OPJO
PU[YVK\JLZ�ZLX\LUJPUN
HKHW[LYZ�PU[V�[OL�HJJLZZPISL
YLNPVUZ�VM�[OL�NLUVTL�

• ;OL�HKHW[LY�SPNH[LK�MYHNTLU[Z
HYL�[OLU�ZLX\LUJLK��HUK�[OL
ZLX\LUJLK�SPIYHY`�JHU�IL
THWWLK�[V�[OL�HJJLZZPISL
YLNPVUZ�VM�[OL�NLUVTL�



Bisulfite sequencing

5-Methylcytosine (m5C)

• Bisulfite sequencing is used to profile DNA m5C methylation.

• The DNA fragments are treated with bisulfite, which convert the C into T.
However, methylation on C can protect the nucleotide from conversion.

• 4L[O`SH[PVU�VU�YLHKZ�PZ�PUMLYYLK�I`�[YHJRPUN�U\JSLV[PKL�JVU]LYZPVU
L]LU[Z�



Single cell omics technique



How to obtain genomics data from individual cells 
rather than from a mixture of cells?

• Obtain average
expression
level.

• Homogenous
in expression
signals.

• Separate cell
populations.

• Detect
heterogeneity.

• Identify rare cell
populations.



scRNA-Seq

• )\SR�95(�:LX�TLHZ\YLZ�[OL�H]LYHNL�NLUL�L_WYLZZPVU�VM�H�JLSS�WVW\SH[PVU��THRPUN�P[
KPMMPJ\S[�[V�KLJVU]VS]L�PUKP]PK\HS�JLSS�L_WYLZZPVU�WYVMPSLZ�MYVT�H�TP_[\YL�

• By using the cell specific library preparation techniques (e.x. cellularly unique
barcodes), each sample in scRNA-Seq represents a single cell.

• There are also single cell assays to measure DNA sequences (scDNA-Seq), DNA
methylation (scBS-Seq) and chromatin conformation (scATAC-Seq).



Real time sequencing



How to YLHK sequences in “real time”?

• 5HUVWVYL�ZLX\LUJPUN�KPYLJ[S`�TLHZ\YLZ�ZPUNSL
+5(�95(�TVSLJ\SLZ�^P[OV\[�7*9�HTWSPMPJH[PVU�

• ;OL�[LJOUPX\L�TLHZ\YLZ�]VS[HNL�JOHUNLZ�HZ
[OL�TVSLJ\SL�WHZZLZ�[OYV\NO�H�UHUVWVYL
[YHUZTLTIYHUL�WYV[LPU�

• 4H_PT\T�YLHK�SLUN[O�JHU�IL�\W�[V����RIW�

• )HZL�TVKPMPJH[PVUZ�JHU�IL�KL[LJ[LK��HSILP[�^P[O
ZVTL�UVPZL��I`�HUHS`aPUN�ZPNUHS�HS[LYH[PVUZ�

Electric signals read out



Oxford Nanopore Sequencing
Base calling with electric signal

• The electric signal of a nucleotide�PZ
WYLKPJ[LK�I`�[OL���U\JSLV[PKLZ�\WZ[YLHT
VM�[OL�J\YYLU[�WVZP[PVU��^OPJO�PZ�JHSSLK
[OL���TLY�ZLX\LUJL.

• A classic statistical model is
.


• pA is the current intensity within one
nucleotide event,  and  are mean
and standard deviation determined by
the 5-mer sequence.

pA ∼ N(μk, σk)

μk σk
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