NGS read mapping :
answers to questions

Céline Keime
keime@igbmc.fr



Exercise 1
1. Log file

Proportion of uniquely mapped reads :

Started job on | Apr 05 10:43:32 History + =2 -
Started mapping on | Apr 05 10:49:10
Finished on | Apr 05 10:49:25 < v x
Mapping speed, Million of reads per hour | 240.00 Rechercher des données M
Number of input reads | 1000000 RNA-seq data analysis p
Average input read length | 50

UNIQUE READS:
Uniquely mapped reads number
Uniquely mapped reads %

ol S3.57GB Qs &
85.24%

I
I
Average mapped length | 498 e o
Number of splices: Total | 137459
Number of splices: Annotated (sjdb) | 136335 . =
Number of splices: GT/AG | 136060 8:RNASTARondataban @ /' W
Number of splices: GC/AG | 1157 d data 4: mapped.bam
Number of splices: AT/AC | 108
Number of splices: Non-canonical | 134 7:RNASTARondataS5an © / &
Mismatch rate per base, % | 0.15% (P :
Deletion rate per base | 0.01% d data 4: splice junctions.b
Deletion average length | 1.60 ed
Insertion rate per base | 0.00%
Insertion average length | 1.29 . / > =
MULTI-MAPPING READS: 6 : RNA STAR on dataSan [ ]
Number of reads mapped to multiple loci | 133958 d data 4: log
% of reads mapped to multiple loci | 13.40%
Number of reads mapped to too many loci | 4067 5: Homo_sapiens.GRCh3 @ /' &
% of reads mapped to too many loci | 0.41% 8.105.chr.gtf.gz
UNMAPPED READS: ot
Number of reads unmapped: too many mismatches | 0
% of reads unmapped: too many mismatches | 0.00% 4 :siLuc2_1000000.fastq. © ' W
Number of reads unmapped: too short | 7302 gz
% of reads unmapped: too short | 0.73%
Number of reads unmapped: other | 2239 _
% of reads unmapped: other | 0.22% 3:FastQCondatal:RawD © /' W
CHIMERIC READS: ata
Number of chimeric reads | 0
% of chimeric reads | 0.00% 2:FastQCondatal: Webp @ » &




Exercise 1
2. Alignment file

m Galaxy 8:RNASTARondata5and © / W
s STAR provides an alignment ~ 92'@4: mapped.bam
in BAM format P

= Download this file together 552 MB

with the corresponding index database GRCh38
(in the same directory)

Download Dataset

Download bam_index

@ 0 C w & ?
Bignments file

m GV
= File & Load from file and choose the downloaded BAM file




Exercise 1
2. Splice junction

Human (GRCh38/hg38) D @  chrl chr1:7,977,234-7,985,612 Go Tt « » @ [ = (2 | EN

[T TTTT T T T B W B PV T O W I BT W T 7 BT T |
p36.22 p36.11 p342 p322 p3l1l p222 p2l1 pl2 ql2 q21.1 q23.1 q243 q311 q32.1 q41 q422 q44

f
Y

8 380 bp

7 978 000 bp 7 979 000 bp 7 980 000 bp 7 981 000 bp 7 982 000 bp 7 983 000 bp 7 984 000 bp 7 985 000 bp
| | | | | | | | | I I | | | | | |

[0-27]
Galaxy8-[RNA...bam Coverage
Galaxy8-[RNA_STAR_on_data_5
data_4__mapped.bam].bam Junc = —
s I ——
Galaxy8-[RNA_STAR on_data_5 g:‘r'a 15;_977738‘7984893
palastsnappedibamEbamm Depth @Ianking Widths: (43,44)
JRefseq Genes l -
PARK?7

- 21 reads span the junction that joins the last 2 exons of Park7 gene




Exercise 1
2. Splice junction

Human (GRCh38/hg38) @  chrl B chr1:7,977,165-7,985,923 Co £t « » @ [ = 3 | Enunn
p36.22 p36.11 p34.2 p32.2 p3l2 p223 p212 pl32 qll ql2 q2l.1 q22 q24.1 q25.2 q31.2 q32.2 qg42.11 q43
8760 bp
7 978 000 bp 7 979 000 bp 7 980 000 bp 7 981 000 bp 7 982 000 bp 7 983 000 bp 7 984 000 bp 7 985 000 bp 7 98(
| | | | | | | | | | | | | | | | |
10-27)
Galaxy8-{RNA...bam Coverage
Galaxy8{RNA_STAR_on_data_5
data_4__mapped.bam].bam Junc -
s e P e S
éﬂame = HWI-ST1136:225:H5140:8:1108:17524:95636
|Read length = 50bp
! } Flags = 16
| Mapping = Primary @ MAPQ 60 I
' Reference span = chrl:7 977 725-7 984 929 (-) = 7 205bp
JCigar = 14M7155N36M I
}Clipping = None
Galaxy8{RNA_STAR_on_data_5 - R
data_4__mapped.bam].bam | NH =
| HI =
'nM=0
i "AS =49
| Location = chrl:7 977 732 E
|Base = A@QV 24 E
‘ E
|
B N R e———]

Refseq Genes

PARK7

\“CHGARJ14NW

Intron length :

7984893 - 7977738 =

155N36M

7155




Exercise 1
2. Strand specificity

Right click on BAM file = Color alignments by - read strand
Park7 :

B chr1:7,959,710-7,987,505 Co B « » @ [ = 2@ | B

Human (GRCh38/hg38) 8 chrl

27 kb

7970 kb 7980 kb
|

GalaxyB{RNA...bam Coverage

GalaxyB{RNA_STAR on_data_5

GalaxyB{RNA_STAR on_data_5
mapped.bam].bam

[ ] ] ] il 1
Refseq Genes L J g U L]
PARK7

The library has been prepared with a directional mMRNAseq protocol
which retains strand information :

reads are in the opposite direction compared to the transcribed strand




Exercise 1
2. Strand specificity

ChmpZ2a :

Human (GRCh38/hg38) [  chrl9 B chr19:58,551,241-58,555,676| Go T <« » O = 2 | =
| [ T I | | e | | | I1 I | I | I |
pl33 pl3.2 pl13.13 pl3.11 pl2 pll ql2 ql3.11 ql3.13 ql3.31 ql3.33 ql3.42
4437 bp
58 552 000 bp 58 553 000 bp 58 554 000 bp 58 555 000 bp
| | | | | | | |

Galaxy8-[RNA...bam Coverage

Galaxy8-{RNA_STAR _on_data_5

data_4__mapped.bam].bam Junc )

Galaxy8[RNA_STAR_on_data_5 [
data_4__mapped.bam].bam

The library has been prepared with a directional mMRNAseq protocol

which retains strand information :
reads are in the opposite direction compared to the transcribed strand




Exercise 1
2. Multiple mapped reads

Right click on BAM file - Color alignments by - tag > NH

[0-179
Galaxy8-{RNA...bam Coverage
I I
Galaxy8{RNA_STAR_on_data_5 m A m
data_4__mapped.bam].bam Junc | - 1
— I — — — T— —————
| | I
I I
I
I
I |
Galaxy8{RNA_STAR_on_data_5 I
data_4__mapped.bam].bam I E
| | I ‘
I
I
I I I
I | I
l | | |
sl - lIEE - EREEREEEE - - BN =

Refseq Genes

Number of reported alignments
- see NH tag in pop-up windows to visualize
color-coding (that can be different from this one) : 1 2 3

There are multiple aligned reads on this gene




Exercise 2 - Question 1
Proportion of uniquely mapped reads

Galaxy : “NGS data analysis training Strasbourg” history

16: RNA STARon siLuc2_oth @& ¢* X
er_protocol: mapped.bam

15: RNA STAR on siMitf4: ma @ 4 X
pped.bam

14: RNA STAR on siMitf4: spli @® 4° X
ce junctions.bed

13: RNA STAR on siMitf4: log b3

12: RNA STARon siMitf3: ma ® 4° X
pped.bam

11: RNA STAR on siMitf3: spli @& & X
ce junctions.bed

10: RNA STAR on siMitf3: log x

9: RNA STARonsiLuc3:map @ ¢ X
ped.bam

8: RNA STAR on siLuc3: splic @& ¢ X
e junctions.bed

7: RNA STAR on siLuc3: log X

6: RNA STARon siLuc2: map ® ¢* X
ped.bam

5: RNA STAR on siLuc2: splic & ¢ X
e junctions.bed

4: RNA STAR on siLuc2: log @p’ b

Uniquely mapped reads % | 85.28%

Uniquely mapped reads % | 85.38%

Uniquely mapped reads % | 85.68%

Uniquely mapped reads % 85.26%

-> This proportion is consistent across samples




Exercise 2 — Question 2
Idh1 gene expression

IGV : File - Load from file and select the 4 tdf files

Select all tdf tracks - Right-click > Group Autoscale :
- IGV automatically adjusts the Y scale to the data range currently in
view (this scaling continually adjusts as you move)
—> all tracks are on the same scale

Human (GRCh38/hg38) chr2 chr2:208,235,501-208,255,129 Go Fr « » @ [ = 2 | Eunnnfii
p25.1 p241 p223 p2l pl6.2 pl4 pl2 plll ql2.1 ql4.1 q21.1 q22.2 q24.1 q3l1 qg32.1 q33.1 q34 q36.1 q37.2
g
19 kb
é 208 236 kb 208 238 kb 208 240 kb 208 242 kb 208 244 kb 208 246 kb 208 248 kb 208 250 kb 208 252 kb 208 254 kb
5 | | | | | | | | | | | | | | | | | | | |
I 10-9244
siLuc2_mapped.tdf
Ml i b k I A ] [ .
I 0-9.44
siLuc3_mapped.tdf
P i L b & ) [ .
[0-9.44)
siMitf3_mapped.tdf I
[0-9.44) a__a L h 2 F 2 i
| 44]
siMitf4_mapped.tdf I
Bhdhdls d o M ] | F A i a
—} —1 i B i i B Hm—

Refseq Genes
IDH1

Idh1 is under-expressed in siMitf samples compared to siLuc ones




Exercise 2 — Question 3

m File 2 new session
m File 2 load from files and load the 4 BAM files
m Search for EEF2

Human (GRCh38/hg... @  chr19 B  chr19:3,975,754-3,985,900 Go Fft « » @O = 2 | El v =
| Il I I T J— el I I IT I I I I I I
p133 pl3.2 p13.13 pl3.11 pl2 pll qll ql2 ql3.11 ql3.12 ql3.2 ql3.31 ql3.33 ql341 ql342 ql343
10 kb
3976 kb 3978 kb 3 980 kb 3982 kb 3984 kb 3
| I I | | I | | I I
[0-30%2) 1. f b

siLuc2_mapped.bam Coverage

siLuc2_mapped.bam Junctions

T I TRRATRARS W (] i - ¥ i—¥E

siLuc2_mapped.bam

e
|

e P W W YWY Y YW W N

siLuc3_mapped.bam Coverage

siLuc3_mapped.bam Junctions

[ — - - - o — e

siLuc3_mapped.bam i

‘T'R ‘E A b FETON | b o i ,
TN, o, A, g A R S AR § e,

SiMitf4_mapped.bam |
| I 1 1 1

siMitf3_mapped.bam Coverage [av:nn]'\ At ‘ ]‘ i‘ | , i 7- i  h Y fu ‘
e e N N L N e R R
e I S — — ——— m :
siMitf4_mapped.bam Coverage m~m\ M vl I ‘ M i [ ; [ L i i 4 iy |
e B e o e Tl e e R R

-

= =

B

EEF2

Refsea Gene:




Exercise 2 — Question 3

Exon numbers are provided on annotation track
Click and drag on a region to zoom in

Human (GRCh38/hg... @  chr19 e chr19:3,975,754-3,985,900[ Go Fft « » @M =& 2 | Eleeeeerereeneern =+
J
| | I I I I I | | Epe—  —eE | I LT [ I I I | I
pl33 pl3.2 pl13.13 pl3.11 2 pll qll ql2 ql3.11 ql3.12 ql3.2 ql331 ql333 ql341 ql342
J 10kb
3976 kb 3978 kb 3980 kb 3982 kb 3984 kb
| | | | | | | | |

Cllck and drag to zoom in.

siLuc2_mapped.bam Coverage .
e m A A A H A A = A A A —
TH TSRS B ST (1] | | = L2 s ST i 3
siLuc2_mapped.bam I
[0-2252) i N | 4 . 'Y & ) l
siLuc3_mapped.bam Coverage : SR ‘ Y I ¥ 1 5 i ‘ & & B
e e B e O e T e
----------- m— mmmn m=se——— -— ———— B 6 — — mm—— —— — -
siLuc3_mapped.bam Il

[0-372)
siMitf3_mapped.bam Coverage P

PO ot N, o, A A f A G S A [ N, S,

i : TRESS T i ¥R Il [ = ||

siMitf3_mapped.bam | | | | |
L I

[ Y wl WA ! ) b | ——-
. | ¥ ; I L i 4 S EEF2
: chr19:3976056-3985463 (-)

Riih e e R, s, A, @, fid-Nm001961.4 h A o

siMitf4_mapped.bam Coverage

siMitf4_mapped.bam Junctio ;4 _ NM_0019614  — e
______________ Exon number: 11

Exon number: 13 +Amino acid coding number: 559
siMitf4_mapped.bam Amino acid coding number: 709 | 1 chr19:3979329-3979436
chr19:3977428-3977610 = L l ~ H 1l

i - s jm

EEF2

Refseq Genes




Exercise 2 — Question 3

Eef2 exon 11
m chr19:3,979,410 : G in ~100% of the reads, A in the genome

chr19 B chr19:3,979,322-3,979,448 Go Ft « » @I & 2 | =Rt 1

Human (GRCh38/hg.

| | I | | | | I I IT I | I I | I
pl33 pl3.2 p13.13 pl3.11 pl2 pll qll ql2 ql3.11 ql3.12 ql3.2 ql331 ql333 ql341 ql342 ql343
128 bp
3979 340 bp 3979 360 bp 3979380 bp 3979 400 bp 3979 420 bp 3979 440 bp
| | | | | | |
[0 2485)
siLuc2_mapped.bam Coverage h
chr19:3 979410
siLuc2_mapped.bam Junctions e Fecuniis2s
A :3(0%,3+,0-)
_ & B
siLuc2_mapped.bam | G:1525 (100%, 1523+, 2-) |
PN
[0-2573) N:O
siLuc3_mapped.bam Coverage IHHH!HHHHHHHHHHW
siLuc3_mapped.bam Junctions o
siLuc3_mapped.bam G
©-2)
siMitf3_mapped.bam Coverage I
siMitf3_mapped.bam Juncti
G
siMitf3_mapped.bam s
[0- 3345
siMitf4_mapped.bam Coverage I
siMitf4_mapped.bam Junctions
siMitf4_mapped.bam -
G
Sequence = [lGCCTCACCTTGATGGGGATGCAGGCGTGGTCCTCCTCCAGGTCC TTCAGGCAGATCTCCAGGTGCAGCTCGCCGGCGCCCGCGATGATATGCTCTCCCGACTCCTCGATGATGCACTGAAAGGGATG
KN | BEN | BEN A BEE D BEN E BN D BN L BN | BEN L BEN L BEN C B8N G Baw | I H BEN C SN E BEN | I C
Refseq Genes EEF2




Exercise 2 — Question 3

m Eef2exon 13
m chr19:3,977,488 : G in ~100% of the reads, A in the genome

Human (GRCh38/hg... B  chr19 chr19:3,977,420-3,977,625 G ft « » @O = 2 | Ervvcrereengn =
| | | I I I I Tl I I 1T I I [ I I |
p133 pl3.2 pl3.13 pl3.11 pl2 pll qll ql2 ql3.11 ql3.12 ql3.2 ql1331 ql1333 ql341 ql342 ql343
207 bp
3977 440 bp 3 977 460 bp 3977 480 bp 3977 500 bp 3977 520 bp 3977 540 bp 3 977 560 bp 3977 580 bp 3 977 600 bp 3977 620 bp
| | | | | | | | | | | | | | | | | |

siLuc2_mapped.bam Coverage

siLuc2_mapped.bam Junctions

siLuc2_mapped.bam

[0-2520)

sttt AECAR AR OO I —— i
chr19:3 977 488

Total count: 1597
A:1(0%, 1+,0-)
:0

) C: E
G :1596 (100%, 1595+, 1-)

siLuc3_mapped.bam Coverage

siLuc3_mapped.bam Junctions

siLuc3_mapped.bam

T£0
[0- 2375) N:0
st m———————nrinmmm i

siMitf3_mapped.bam Coverage

siMitf3_mapped.bam Junctions

siMitf3_mapped.bam

o-

2774
A

siMitf4_mapped.bam Coverage

siMitf4_mapped.bam Junctions

siMiti4_mapped.bam

-

a759)
Ay

Sequence ad

Refseq Genes

MLLLLTELLTEREELTERTTEEET TR TRREE DT EEC T DT EOREIERREE DR LD T ILLERE TR DR R TEETE DL DT LTERT T CETER TR P DR EEEE LRI TR TR TR LTI DL TEE R TLE LR D T T L EERREE R T
QI EVLYIPEMLRPOQATLVSAYLCRRATPIITQGGCGRHIADAHILTWVDHVDFRVGRMNETECLAG

EEF2




Exercise 2 — Question 4

m Position chr4:6707961 :
m Deletion vs reference genome

Human (GRCh38/hg... ¢ chr4 S chr4:6,707,941-6,707,980 Go £ « » @[ = 2 | EL g
plé. p15.33 pl5.2 pl51 pl4 pl2 ql2 ql3.1 ql33 q21.21 q22.1 q23 q25 q26 q28.1 q28.3 q31.21 q313 q32.2 q33 q34.2 q35.1
41bp
6 707 950 bp 6 707 960 bp 6 707 970 bp 6 707 980
| | | |
10122
siLuc2_mapped.bam Coverage N
re A chr4:6 707 961
siLuc2_mapped.bam Junctions bl lcblibetiucil
Total count: 0
A
c
- G:
siLuc2_mapped.bam L b |
—{N: |
e s I I I R N e ey [T
siLuc3_mapped.bam Coverage DEL: 56 [
INS: 0
siLuc3_mapped.bam Junctions
siLuc3_mapped.bam
0-156)
siMitf3_mapped.bam Coverage
siMitf3_mapped.bam Junctions
siMitf3_mapped.bam
siMitf4_mapped.bam Coverage
siMitf4_mapped.bam Junctions
siMitf4_mapped.bam
Sequence mp |GG 6 e AT @ 6 C AT T ¢ T r e AT 6 c C 6 C A T A A T G T G T G A G
Refseq Genes.
MRFAP1L1




Exercise 2 — Question 5

m Region chr20:44,935,294-44,939,521
m Right-click on Refseq Genes track - select Expanded

to see all annotated isoforms

r 2 |
[ NON ] IGV
Human (GRCh38/hg... @  chr20 B  chr20:44,935,294-44,939,521 Go Bt « » @ [ x @ | Ennfi =
T Tim—] T | T
pi3 pl23 pl22 pl2.1 pli23 plizl q1ll q11.22 ql2 qi312 qi3.13 ql132 qI331 q1333
4229 bp
44 936 000 bp 44 937 000 bp 44 938 000 bp 44 939 000 bp
| | | | | | | I |
©-93
siLuc2_mapped.bam Coverage
siLuc2_mapped.bam Junctions.
~ aaaa—— —
siLuc2_mapped.bam
-89
siLuc3_mapped.bam Coverage
siLuc3_mapped.bam Junctions — S — S — S —
siLuc3_mapped.bam
|
o-5§
siMitf3_mapped.bam Coverage
siMitf3_mapped.bam Junctions
siMitf3_mapped.bam |
1 1
-5
siMitf4_mapped.bam Coverage
siMitf4_mapped.bam Junctons | 000 0000000000000
| 1
siMitf4_mapped.bam
]
PABPC1L
Refseq Genes
PABPC1L

PABPCIL




Exercise 2 — Question 5

m Region chr20:44,935,294-44,939,521 :
[ | SaSh|m| plot S =

ppppppppp
A.L _.L ‘(‘”
R e~ Y ——

=22 e — 3

21

- /.10\ /,_.—-Z Z‘N\ siMitf3_mapped.bam
h// S 4.& - _._.....h_h_ *7_71_A_,hh o
—
3 22

" 19 2 (—32 siLuc3_mapped bam
“’ i d__ﬂ_ -t e ‘LA o e ‘l
- G/ S ———-

g
25
44935523 // 44936904 44938286 44939668
- ] e e —
—— ?[ ] — Y e ey ]
.—>—_ . s . E==an )

We detect an isoform without this exon in siMitf samples

IGV is only a visualization tool
In-depth analysis using paired-end data with more coverage is needed




Exercise 2 — Question 5

m If you would like to display Ensembl annotations, you can add this track
m File - Load from file

m Select Homo_sapiens.GRCh38.105.chr.sorted.gtf
available in RNAseqg/annotations folder

@ [ ] IGV
Human (GRCh38/hg... B  chr20 chr20:44,935,204-44,939,521  Go ff <« » @ [ = 2 | Sl =
I | —— — | I I T I
p13 p123 pl22 pl2.1 pli23 pll21  plll qlll qll2l qll22 qll23 ql2 q13.11 q13.13 q132 q1331 q1333
4229 bp
44 936 000 bp 44 937 000 bp 44 938 000 bp 44 939 000 bp
| | | |

siLuc2_mapped.bam Coverage

siLuc2_mapped.bam Junctions
~—d

siLuc3_mapped.bam Coverage

siLuc3_mapped.bam Juncti

siMitf3_mapped.bam Juncti

I

== — — B S~ —
siMitf4_mapped.bam Coverage
siMitf4_mapped.bam Juncti
— = e S
PABPC1L
PABPC1L
Homo_sapiens.GRCh38.105.chr.¢ PABPC1L
ed.gtf —_— _— L
PABPCI1L
PABPC1L

15 tracks |[®][ehr20:44 939 483 Il |[178M of 374m




Exercise 2 — Question 5

m You can save your IGV session
m To save the current state of your IGV session to a named session file
m File 2> Save Session
= Data files must stay at the same location

m Use File > Open session to restore a saved session




Exercise 2 — Question 6

Remove siLuc3 and siMitf3/4 tracks (Right click on tracks - Remove track)
File > load from file and select siLuc2_other_protocol alignment.bam
Right-click on BAM file - Color alignments by - read strand

e.g. Park7 gene

IGV

Human (GRCh38/hg... 8  chrl chr1:7,961,401-7,985,509 Go Ft <« » @ [ x 2 | i@

T IO I [ o W B T [ T e |
12 q2L1 q22 q241 q252 q3L2 q32.1 q4l  q422  q44

7 964 kb 7 966 kb 7 968 kb 7970 kb 7972 kb 7974 kb 7976 kb 7978 kb 7 980 kb 7 982 kb 7984 kb




Exercise 2 — Question 6

XK ) IGV N
Human (GRCh38/hg... @  chrl chr1:7,962,699-7,965,459 Go £ <« » @ [0 = 2 | Emmginn =
S E—— N N N e e .
p36.23 p36.12 p34.3 p33 p32.1 p31.1 p22.2 p21.2 pl32 qll ql2 q21.1 22 q24.1 q25.2 q312 q32.1 q4l q42.2 q44
2762bp
7 963 000 bp 7 964 000 bp 7 965 000 bp
| |

[0- 850]
siLuc2_mapped.bam Coverage

siLuc2_mapped.bam Junctions

siLuc2_mapped.bam

siLuc2_other_protocol_mapped.b
Coverage

siLuc2_other_protocol_mapped.b
Junctions

siLuc2_other_protocol_mapped.b

Refseq Genes
PARK7

This protocol is not directional (it does not preserve strand information)




