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Read Genome Mapping



• Pre-mapping quality control
• Genome aligner
• Splice-awared genome aligner
• Alignment-free method
• Performances of different tools
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Pre-mapping quality control



Reads quality control: what could go wrong?

• 0U�HKKP[PVU�[V�IHZL�JHSSPUN�LYYVYZ��5.:�SPIYHY`�WYLWHYH[PVU�JHU�PU[YVK\JL�
[LJOUPJHS�IPHZLZ�MYVT�T\S[PWSL�ZV\YJLZ��

• TheZL�IPHZLZ�JHU�SLHK to systematic error and�batch effect in NGS data.

Introduced in reverse 
transcription

5H[\YL�IPV[LJOUVSVN`�������������!�������� ��



Fragment GC content bias

• 7*9�HTWSPMPJH[PVU�VM�+5(�J+5(�MYHNTLU[Z�PU[YVK\JLZ�IPHZ�
PU��UK�NLULYH[PVU�ZLX\LUJPUN�IHZLK�[LJOUPX\LZ��L�N��
+5(�:LX��95(�:LX��*OPW�:LX��

• ;OPZ�PZ�[`WPJHSS`�[OL�TVZ[�ZL]LYL�[`WL�VM�[LJOUPJHS�IPHZ�MVY�
PSS\TPUH�ZLX\LUJPUN�

GC bias can cause errors in gene 
expression ( FPKM ) estimation



Adaptor contamination

• 0SS\TPUH�ZLX\LUJPUN�\ZLZ�HKHW[VYZ��^OPJO�HYL�
YLWLH[LK�ZLX\LUJLZ�H[[HJOLK�[V�IV[O�LUKZ�VM�
+5(�J+5(�MYHNTLU[Z�

• (KHW[VYZ�MHJPSP[H[L�O`IYPKPaH[PVU�^P[O�WYVILZ�
�VU�[OL�MSV^�JLSS��HUK�WYPTLYZ��PU�IYPKNL�7*9��

• :OVY[�MYHNTLU[Z�JHU�SLHK�[V�HKHW[VY�
JVU[HTPUH[PVU�H[�[OL����LUK�VM�YLHKZ��
LZWLJPHSS`�^OLU�[OL�YLHK�SLUN[O�L_JLLKZ�[OL�
PUZLY[�SLUN[O�



• fastqc is a command line tool on Linux/Unix system to generate quality report on
fastq files.

• The output of fastqc includes an html report, which contains multiple QC statistics.
• It can be used on linux bash with a single line command.

example 
QC metrics Diagram Interpretation

Per base 
sequence 

quality

• A box plot of Phred
scores for every positions
of read.

• If the IQR drop below the
red line (< 20) near the
3’end, then quality
trimming is needed.

Adapter 
Content

• Problematic if read 3’ end
contain adaptor contents.

• Adaptor trimming can be
used to remove adopters.

How to detect read quality issues? 
Read QC software



Fastq format

Fastq is a text-based format. It represents each raw read with 4 lines:

1. A sequence identifier with information about the sequencing run and the cluster.
2. The sequence or base calls in the order of 5’-3’; can be A, C, T, G and N.
3. A separator of a plus (+) sign.
4. Characters encoded base call quality scores (Phred scores). The Phred scores or

 scores have the following definition:

where  is the estimated probability of the base call being wrong.

Q
Q = − 10 × log10(e)

e



Per base sequence quality

• The y-axis on the graph shows the Phred scores.

• The background of the graph divides the y axis into very good quality calls (green),
calls of reasonable quality (orange), and calls of poor quality (red).

• Warning will be issued if the lower quartile for any bases fall below the red region.
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Adaptor content

• The plot shows a cumulative percentage count of the proportion of your library
which has seen each of the adapter sequences at each position.

• This module will issue a warning if any sequence is presented in more than 5% of
all reads.
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GC content distribution

• The graph displayed a histogram of GC content over all reads.

• Warning is issued when observed read GC content distribution (red) is significantly
deviant from the expected normal distribution (blue).

Read GC content
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How to fix the diagnosed issues? 
Trimming software

• The adaptor sequences and low quality ends can be removed via trimming.
• Trim Galore (a popular trimming software) can automatically scan & remove adaptors�

and low quality base calls from�[OL read 3’end.
• 5VYTHSPaH[PVU�TL[OVKZ�HYL�YLX\PYLK�[V�HKKYLZZ�V[OLY�[`WLZ�VM�[LJOUPJHS�IPHZLZ��Z\JO�
HZ�.*�JVU[LU[�IPHZLZ��PU�KV^UZ[YLHT�HUHS`ZPZ�

Before quality trimming After quality trimming



Genome aligners



 )V^[PL���L_[YHJ[Z�ZLLK�Z\IZ[YPUNZ
MYVT�[OL�YLHK�HUK�P[Z�YL]LYZL
JVTWSLTLU[�

 :LLKZ�HYL�HSPNULK�[V�[OL�YLMLYLUJL
NLUVTL�^P[O�[OL�OLSW�VM�[OL�NLUVTL
PUKL_�

 ;OL�WYLJPZL�SVJH[PVUZ�VM�ZLLKZ�VU�[OL
YLMLYLUJL�NLUVTL�HYL�JHSJ\SH[LK�MYVT
[OL�PUKL_�

 :LLKZ�HYL�L_[LUKLK�PU[V�M\SS
HSPNUTLU[Z�VU�[OL�NLUVTL�

How to align short reads to genome efficiently?
Bowtie2 

3HUNTLHK��)LU��HUK�:[L]LU�3��:HSaILYN��	-HZ[�
NHWWLK�YLHK�HSPNUTLU[�^P[O�)V^[PL���	��
5H[\YL�TL[OVKZ� ���������!������� �



How to account splicing in RNA-Seq reads?

;VWOH[��HSPNUTLU[�WPWLSPUL!

• PU�Z[LW����YLHKZ�HYL�HSPNULK�
HNHPUZ[�[OL�[YHUZJYPW[VTL�
�KLMPULK�PU�.;-��

• �0U�Z[LW����\UTHWWLK�YLHKZ�
MYVT�[OL�WYL]PV\Z�Z[LW�HYL�
HSPNULK�HNHPUZ[�[OL�
NLUVTL��

• 0U�Z[LW����YLHKZ�HYL�ZWSP[�
PU[V�ZTHSSLY�ZLNTLU[Z��HUK�
[OLZL�ZLNTLU[Z�HYL�HSPNULK�
[V�[OL�NLUVTL�\ZPUN�
ZWSPJLK�HSPNUTLU[�Z[YH[LN`�

• ;OL�HSPNUTLU[�[VVS�\ZLK�I`�
;VWOH[��PZ�)V^[PL���

Tophat2 pipeline

.LUVTL�IPVSVN`������������!������

LUHISL�[OL�HSPNUTLU[�VM�Q\UJ[PVU�
YLHKZ�VU�\UKLMPULK�[YHUZJYPW[Z



Alignment-free method



Is it possible to map reads to transcripts 
without (precise) alignment?

Transcript 1 Transcript 2 Transcript 3

Read 1 1 0 0

Read 2 0 1 0

Read 3 0 0 1

Read 4 1 0 1

Transcript 1 Transcript 2 Transcript 3

Read 1 [57, 107] Not align Not align

Read 2 Not align [12, 62] Not align

Read 3 Not align Not align [134,184]

Read 4 [66, 116] Not align [85, 135]

Read is aligned at 
the specific range 
of [start, end]

• 4V[P]H[PVU: 2UV^PUN�[OL�JVTWH[PIPSP[`�IL[^LLU�YLHKZ�HUK�[YHUZJYPW[Z�PZ�LUV\NO�[V�TLHZ\YL�[YHUZJYPW[�
L_WYLZZPVU�SL]LSZ��^P[OV\[�ULLKPUN�[V�RUV^�[OL�L_HJ[�SVJH[PVU�VM�[OL�YLHKZ�VU�[OL�[YHUZJYPW[Z�

1: compatible

0: incompatible

Alignment:

Alignment-free:



Pseudo-alignment with TDB graph�
Kallisto

• ;OL�PUW\[�MVY�2HSSPZ[V�PUJS\KLZ�H�YLMLYLUJL�
[YHUZJYPW[VTL�HUK�95(�:LX�YLHKZ��

• 2HSSPZ[V�JVUZ[Y\J[Z�H�[YHUZJYPW[VTL�KL�
)Y\PQU�NYHWO��;�+).��\ZPUN�R�TLYZ�HZ�
UVKLZ��

• ;OL�;�+).�HSSV^Z�MVY�[OL�LMMPJPLU[�
PKLU[PMPJH[PVU�VM�JVTWH[PIPSP[`�
YLSH[PVUZOPWZ�IL[^LLU�YLHKZ�HUK�
[YHUZJYPW[Z��^P[OV\[�YLX\PYPUN�WYLJPZL�
YLHK�THWWPUN�[V�[OL�[YHUZJYPW[Z��

• 2HSSPZ[V�PZ�HISL�[V�X\HU[PM`�[YHUZJYPW[�
L_WYLZZPVU�SL]LSZ�IHZLK�VU�[OLZL�
JVTWH[PIPSP[`�YLSH[PVUZOPWZ��

)YH`��5PJVSHZ�3���L[�HS��	5LHY�VW[PTHS�WYVIHIPSPZ[PJ�95(�ZLX�X\HU[PMPJH[PVU�	�
5H[\YL�IPV[LJOUVSVN`������������!���������



Performances of different tools



How different tools compared to each-
other in accuracy?

Salmon (another 
alignment free method) 

& Kallisto

Tophat-Cufflinks & 
Tophat-HTSeq

• >OLU�9;�X7*9�PZ�\ZLK�HZ�H�[LJOUPJHSS`�PUKLWLUKLU[�]HSPKH[PVU��HSS�[`WLZ�VM�NLUL�
L_WYLZZPVU�X\HU[PMPJH[PVU�^VYRMSV^Z�JHU�L_WSHPU�HWWYV_PTH[LS`� ���VM�[OL�]HYPHUJLZ��9���

),]LYHLY[��*LSPUL��L[�HS��
	)LUJOTHYRPUN�VM�95(�
ZLX\LUJPUN�HUHS`ZPZ�^VYRMSV^Z�
\ZPUN�^OVSL�[YHUZJYPW[VTL�9;�
X7*9�L_WYLZZPVU�KH[H�	�
:JPLU[PMPJ�YLWVY[Z�����������!�
��� �



Aligner Splice-awared Pesudo-alignment Speed Memory demand
bowtie2 No No Fast Small

STAR Yes No Fast Large

Tophat2 Yes No Slow Large

Hisat2 Yes No Fast Small

Kallisto Yes Yes Altra fast Very small

Salmon Yes Yes Altra fast Very small

• For DNA-Seq based assays, bowtie2 is recommended.
• For RNA-Seq based assays, Hisat2 or Tophat2 is recommended.

Running time of different methods

1DWXUH�ELRWHFKQRORJ\�
���������������������



Why not only use alignment-free methods?

• Alignment-free and traditional 
alignment-based quantification 
methods have similar performance for 
common gene targets such as 
protein-coding genes.

• However, alignment-free methods 
have limitations in analyzing and 
quantifying lowly-expressed genes 
and small RNAs, particularly when 
these small RNAs have biological 
variations.

• Therefore, sliding windows in peak 
calling cannot be reliably quantified 
using alignment-free methods due to 
their small feature (bin) size.
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