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s* Shotgun
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DNA sequence reads

AGCTGTGCE ATGATCGTGC GGCTAGAGCCE TTAGCTAGCTGA P T TR ETETAL GGTCGATGC GGCCCCAT TTATGCCGAG
ALY ATTAGCTGCTGA
HCICTRATIC TTCTCGAGAGCE GCETTAGCTAGC  GGTCGATGCTA Hi A ey SARATGCIARC
TTATGCCGAG S ASTCTARTCETE ATGCTAGCTGTAC
TTGCATGC AAGCGCGTAGC  ATGATCBTGC TAGCTAGCT
CGCGTATATTA CCTAGGGA GCGCGTAGCCC GGTCGATGC
ATGATCGTGC GTCGATGCTA —— o
CGCETAGCCGTA GGCTAGAGCCC GHCCRATTAC CGCGTATATTA TTAGCTGATCGGT  GCTCTGATGC TTATGCCGAG s
‘ GCTACCAGGCTAGGTTA ATGCATACACGTAGCTATAGG GCTAGCTAGCTAG  AGTCGTAGCTG
Resertbiy of CTAGGTTACAGTGCATGCA TATACGGATCGTAGGCT CTAGTCGTAG
DNA sequencereads SCTACCAGGCTAGGTTA ATGCATACACGTAGCTATACG TJAGTCGTAG g
GGTTACAGTGCATGCATA CTATACGGATCGTAG CTAGTCGTAG 4
GCTACCAGGCTAGGTTA GCATGCATACACGTA GTAGGCTAGCTAGCTAG f
Assembled ‘ S
DNA sequence GCTACCAGGCTAGGTTACAGTGCATGCATACACGTAGCTATACGGATCGTAGGCTAGCTAGCTAGTCGTAGTCGTAGCTG = ,.."'\95‘\—,
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https://www.genome.gov/genetics-glossary
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s Assembly and alignment

1o Next-generation
1+~ __ DNAsequencing SACERATIAG
B I-"':."-. ___,.-'f_".'.::' -?:.-:'fl —- EGTAG'I'I'M - o GETAAACTAG
f_:__ 2 . TATAATTAG ... . CGTACCTAG ...
Genomic millions-billions of reads
DNA ~30-1000 nucleotides
Resequencing De novo assembly
— —
https://thejigst .co.nz/ &
PITEEIBSIOTE e Align reads to reference Construct genome sequence
%f%& genome and identify variants from overlaps between reads
2
v
w Raphael BJ (2012) Chapter 6: Structural Variation and Medical Genomics. PLoS Comput Biol 8(12): €1002821.

https://doi.org/10.1371/journal.pcbi.1002821



s* Short read and long read

Comparison Dimension PacBio

Principle Fluorescently labeled dNTPs + ZMW
Read Length 10-20 kb (HiFi)

Initial Accuracy ~85%

Corrected Accuracy >99.9%

Throughput 120 Gb/run (HiFi)

Equipment Cost High

Suitable Applications Clinical research, genome assembly

%feﬁt

o

w https://www.cd-genomics.com/resource-pacbio-oxford-nanopore-comparison.html
https://www.pacb.com/blog/sequencing-101-comparing-long-read-sequencing-technologie

SHORT READS
Missing sequence data
leads to gaps in genome
coverage and limits
variant detection

HiFi READS
Long reads map uniquely
and span large variants,
providing comprehensive
variant detection

Nanopore

Nanopore current sensing
Up to Mb levels

~93.8% (R10 chip)

~99.996% (Consensus seguence, 50X
depth)

1.9 Tb/run (PromethiON)
Low (MinION portable)

Field monitoring, real-time analysis

Reference genome

Bap -l

| N N NN N N I N N N N N N NN N N -

Reference genome
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https://www.cd-genomics.com/resource-pacbio-oxford-nanopore-comparison.html
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Research Objective

High-Precision Genome
Assembly

Real-Time Monitoring and
Rapid Response

Full-Length Transcriptome
Analysis

Sequencing in Extreme
Environments

Epigenetic Research

Large-Scale Pathogen
Genome Research

Recommended Technology

PacBio

Nanopore

PacBio

Nanopore

PacBio

Nanopore

s* Technology Selection Based on Research Objectives

Justification

HiFi reads offer post-error correction accuracy >99.9%, making
them ideal for assembling complex genomes and detecting
structural variations.

Supports real-time data streaming, suitable for infectious
disease monitoring and timely clinical diagnostics.

HiFi reads facilitate full-length transcript sequencing, directly
capturing RNA isoforms and elucidating gene expression
regulatory mechanisms.

The portable MinlON device is well-suited for genomic
sequencing in field, polar, and even space environments.

Direct detection of DNA methylation and base modifications
provides high-resolution data for studying epigenetic regulatory
networks.

With a PromethlON platform throughput of up to 1.9 Tb per run, it
supports high-throughput pathogen genome sequencing and
analysis.

https://www.cd-genomics.com/resource-pacbio-oxford-nanopore-comparison.htmi



s Library preparation

Extract
nucleic acids DNA Purify
from sample ﬂ"“:b fragments
» e S B AR TR T
U Protocol varies depending on
experimental design (WGS,
exome elc)
RT-PCR
Make cDNA
l:fRNA Mo A ) ;}I\l

&

an Biobank

Library
I Fragments A
o J

Attach adapters
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P5 P7

28 bp 33 bp 300 bp 33 bp 25 bp



s* [llumina flow cell
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https://www.youtube.com/watch?v=pfZp5VgsbwO0&t



s* Depth and coverage

Coverage — What % of the genome sequence is represented in the For WGS
sequencing data » Haploid genome size => 3.2 Giga base pairs (3.2 billion)

imes | - 50 => ~160 Gb
Depth of coverage — How many times is every base in the genome v DX coverage Gbp

represented (on average) For Exome Sequencing

» Exome size => 33 Mega base pairs (33 million bases)
» 50x coverage => ~1.65 Gbp
» About 100 times smaller than WGS

» Depending on your method of capture, this number can vary

Coverage 5 3 2 0o 1 4

Radhika Khetani, H3ABioNet Data Management workshop, 2014



s* Design

Intergenic  Exon | Intron | Varlant site Exon Il Intergenic

oo - . - -

—

High pass  ~30x g g_ _% _$'_
reads"'I ifl?
Excellent sensitivity for High depth aI ows excellent
hetero- and homozygotes genotype calling
Intergenic  Exon | Intron | Variant site Exon Il Intergenic

cooe - R S -

low pass r;:;s{ % — _~$_ t% —

Heterozygotes can Varlants missed

be mistaken for by sampling Significantly better power to
homozygotes due detect homozygous sites
to sampling
Intergenic  Exon | Intron | Exon Il Intergenic
- -- N - - -+
- Variant site
Exom Capture —%— ‘ ‘ i
150x _| e !
reads ——— Little off-target -
. coverage .




«* Re-sequencing: variation detection

Reference sequence Non-human
Chr1 . Chr 5 sequence
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Nat Rev Genet. 2010 Oct; 11(10): 685-96.



* Mapping reads to reference is simple in principle...

Region 1 Region 2 Region 3

Enormous pile of
short reads from
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s§ Insert WIERAEIE R

Figure 4. Paired-End Sequencing and Alignment E}J tb ﬁ'ji_i [Eﬂi
. ’*ﬁﬂﬁ‘ﬁEFﬁTLﬁmﬁi\ "WEMUE , WECEE
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https://www.illumina.com/science/technology/next-generation-sequencing/paired-end-vs-single-read-sequencing.html TﬁE% chimeric read = jx_,/’f?h
« Insert size oI ARFEI 2 ESIE
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s* Human reference genome

Release name Date of release
GRCh39 Indefinitely postponed22
T2T-CHM13 January 2022
GRCh38 Dec 2013
GRCh37 Feb 2009
NCBI Build 36.1 Mar 2006
NCBI Build 35 May 2004
NCBI Build 34 Jul 2003

Next assembly update

The GRC remains committed to its mission to improve the human reference
genome assembly, correcting errors and adding sequence to ensure it
provides the best representation of the human genome to meet basic and
clinical research needs. We will continue to make these updates publicly
available at regular intervals in the form of patch releases, but have decided
to indefinitely postpone our next coordinate-changing update (GRCh39) while
we evaluate new models and sequence content from ongoing efforts to better
represent the genetic diversity of the human pangenome, including those of
the Telemore-to-Telomere Consortium and the Human Pangenome
Reference Consortium.

Equivalent UCSC version
hsl
hg38
hg19
hg18
hgl7
hgl6

Donors were recruited by advertisement in The Buffalo News, on Sunday, March 23, 1997. As a result of how the
DNA samples were processed, about 80 percent of the reference genome came from eight people and one male,
designated RP11, accounts for 66 percent of the total. The ABO blood group system differs among humans, but the
human reference genome contains only an O allele, although the others are annotated.

https://en.wikipedia.org/wiki/Reference_genome
https://www.ncbi.nlm.nih.gov/grc/human



https://en.wikipedia.org/wiki/Reference_genome#cite_note-:1-29
https://en.wikipedia.org/wiki/Reference_genome

«f GRCh38/hg38

Component Description Number of Contigs
Main Reference chrl-22, chrX, chrY, chrM 25

Unlocalised Sequences chr* random 42

Unplaced Sequences chrUn* 127

Alternative Loci chr*_alt 261

Epstein-Barr Virus chrEBV 1

Decoy Sequences chrUn* decoy 2385

HLA Sequences HLA-* 525

* Unlocalized sequences: known to belong on a specific chromosome but with unknown order or orientation.
e Unplaced sequences: chromosome of origin unknown.
e Alternate contig sequences can be novel to highly diverged or nearly identical to corresponding primary
assembly sequence.
Note.
* In b37 where chromosomes are called "1" to "22", "X", "Y" and "MT")
* human genome" refers to the approximately 3 billion (3*10°) base pairs in a single copy (haploid) of the human genome.
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https://www.illumina.com/science/genomics-research/articles/dragen-demystifying-reference-genomes.htmi



@ SimOnS Genome DiverSitSI DPF.@JtD\/e our health | Accelerate your discovery

>

hRfFRE: - EEAREMERE 260 genomes from 127 populations at least 30x coverage using llumina tééhnology.

Academia Sinica - Taiwan Biobank

https://www.simonsfoundation.org/simons-genome-diversity-project/



s Telomere-to-Telomere (T2T) consortium

A

70 v v v v v v v
HiFi cov. i| = - . * * *: ks
et g il BT o % ety e ety Yol e Ve e

0

.2 o Y i o M o

Wil

200

e J e T S |
0
Markers (k=21) INNNINE DYIONNVYMINONTED I AP OUTO T NV OO Y M W T EETMVTAUEN | N SONORONNOY]  (ONENYT [SNNNONY TVOUMNEY (ONCWTY OO [ONOM [YURNUONY | TN N OO 00 0 O (DN | (I

Hets
Issues | \ | \ I | | \ [ | [ \ [ | [
Issues (GRCh38) | (R (T 0 1 N T 11 1 1 AN
chr. ' 1 : 2 '3 ' 4 © 8\ " & " 7 '"'®B '®s "®©°"'"M°®2 B BB F BIEMDAZ X
B C D
100
HiFi cov. }[1. W M{AA@AW,‘HMM,%WJ&% i (i P b e bbb
200
LT[R — W W
Marker (k=21) 11 T
CenSat | I|CEE| ISR ] || | I | W W0 N |||\
Hets || [ ] \ |
Issues [
100
Micro-

Satellites
0

@ Most frequent | Il EE W e E s T : o
SSsigmosiae et oot S CenSat | icatl HSat2 HSat3 BSat Other Alpha Alpha Apha  Micro-Satellites o, 7o oo o

(HOR) (dHOR) (mon)

Allele coverage

https://www.science.org/doi/10.1126/science.abj6987



SINGLE LINEAR
REFERENCE GENOME

mprove-the-equity-of-genomics/

ch.google/blog/building-better-pangenomes-to-i

https://resear




s human

“pangenome” reference

Previous human genome reference

New human genome reference(s)

ATCGCG

MO A S LRI RS B EE S Alternate FAIECHER F2R - GRCh38 th RERY ALT
FIRIZ - BUHBEMRAEZZ2ERFREE L KEUENEMMIRMAE |

https://www.nih.gov/news-events/news-releases/scientists-release-new-human-pangenome-reference



s* Variant discovery from a pan-genome reference.

chr 17: 7,838,420 chr 17: 7,838,449
GRCh38, augmented 1,250-bp insertion |
p—e— }IndividualA
— S— Isnp
— } Individual B

chr17: 7,838,420-7,838,449

GRCh38, no variation included |

—— — }IndividualA

Unclear if there is an insertion here;
cannot detect potential SNPs within insertion

https://www.nature.com/articles/s41576-020-0210-7



@ﬂb

s* Evolution of the DRAGEN

3
ﬁ)RAGEN 3.4-3.6 ‘ 3.7-3.8 3.9 3.10 ‘ 4.0 4.2 4.3
mn!tqlgamghg alt_aware alt_masked alt_masked_v2 alt_masked_v3 | alt_masked_v4
32 Global 128 Global
Fangnmmf 16 European ancestry samples 16 European ancestry samples ancestry ancestry
* +MAC samples samples

PRAKR -

Academia Sinica - Taiwan Biobank

B AR ANE

* historically refarred to as *multige nome (graph) referance”.

The pangenome reference in DRAGEN v4.3
is made up of 128 population samples from
26 ancestries around the world.

https://sapac.illumina.com/science/genomics-research/articles/second-gen-multigenome-mapping.html




Change in FN + FP, SNPs + indels, HG002 NIST v4.2.1

mFP mFN
45,000
83% error reduction
T - o E Einr 1
|
35,000 I
First-gen multigenome mapper with Second-gen multigenome mapper with

16-samples pangenome reference 128-samples pangenome reference

First-gen multigenome mapper with
32-samples pangenome reference

21,479 20,402 40%

error reduction

F-——-

13,793 I

12,851 12,815

False negatives and false positives
& = & 3
g8 8 § 8

‘———-L———

11,163
10,000 1
6,615
N E
0

v3.6.3 v3.7.5 v3.8.4 v3.9.3 v3.10.4 v4.0.3

Figure 4: HGOO2 NIST v4.2.1 SNPs and indels false positives and false negatives error count on
successive DRAGEN versions.
ks

https://sapac.illumina.com/science/genomics-research/articles/second-gen-multigenome-mapping.html



gatk €\ Quality control is essential to catch problems early .

g
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Library Prep Exomes Whole Genomes

High proportion of
unmapped reads

Severe unevenness in
distribution of coverage
(“Fold80” penalty values)

* Strand biased oxidation

Normal amounts of raw
data (in Gb), but poor target
coverage

High proportion of

* High percentage of
adapter sequence

chimerism artifacts (e.g poor OxoQ
Bad insert size distribution values for C reference
(too big/small, weird peaks) bases)

Shearing-based oxidation
(poor OxoQ values)
Library size too small

Fold80 = 1935 fE / S0%EILBEHFE - Fold80/)\ - BEY—MEF - AP BIGMBZE FELLRIZER -
Ox0Q = -10-log10(FfbFHERE)



Uneven coverage in a PCR-Free whole genome

GATKE 115

SRp— _mmnnmm-_-.]
— 7 . ———

‘\KitAand Kitscove]ragei‘s' - e
very low in this areg... e R— ‘

... but deeper coverage in the rest inflates the overall
coverage score for the exon, allowing it to pass filters

Kit C performs badly throughout the
exon. The failure is more obvious!

e R O e O e L e O O e e



High percentage of chimerism

GATK X115 N

F ‘ - * Reaches coverage goals but data

— A integrity may be an issue as number
A o of chimeric reads is so high.
' L. |0= fee==]
— * This could lead to false positive
' indel and structural variant calls

% Chimeras |% Selected % Target
bases bases 20X

86.296 88.915

Good sample 0.0214
Bad sample 30.272 65.438 78.478

Chimeric read fEI2—1% read - BRHSEZEERENMEARBUESAERBESSHEEUELLY

https://zh.wikipedia.org/zh-tw/%E5%96%80%E9%82%81%E6%8B%89



s* The industry-standard GATK Best Practices

‘ Analysis-Ready I \

1
Evaluate Callset

®‘A’©

(e [ ==

Recalibrate Base
Quality Scores

l—[ Consolidate GVCFs ]—J

Joint-Call Cohort
GenotypeGVYCFs

Analysis-Ready Reads

vevess | Raw SNPs + Indets [T
Raw Unmapped Reads eee Analysis-Ready Reads
uBAM or FASTQ . — ,
- : Filter Variants
[ Map to Reference ] . Call Variants Per-Sample :
* E HaplotypeCaller in GVCF mode Refine GEI‘IGWPES
Raw Mapped Reads : , 1 Y
: GVCF m m Annotate Variants
, l : : b
Mark Duplicates :

‘ Raw SNPs + Indels [ 1 \

|

AR R R AR LR LRl

https://gatk.broadinstitute.org/hc/en-us
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s* The most famous family in genomics.

NA12878 was sequenced

CEPH/Utah Pedigree 1463 at a depth of 300x
13 14 15 16
—0 —0
12889 12880 12861 12882
I:II1D CE{::I
12877 125?5'

(hE 4 05 oG5 o7 D-El—_—l (X 10 11 12 17
12879 12880 128871 12882 12883 12884 12885 12886 12887 12888 12803

https://github.com/genome-in-a-bottle

https://catalog.coriell.org/0/Sections/Collections/NIGMS/CEPHFamiliesDetail.aspx?Pgld=441&fam=1463&



s* FastQ (Reads) Format

— o o e - o o o e o e e e R R R M R R R R R R R R R R R M R R R M R R R M R Em R M R R M M R R R M R R R M R R R M M R M M e M e M R R R R e e e e e e e ey

! @K00236 146:HLISWBBXX:1:1101:0:23614 1:N:0:NTTACT+TAAGAC

| NATGGTCTCCATCTCCTGACCTCGTGATCCACCCGCCTCGGCCTCCCAAAATGCTGGGATTACAGGCGTGAGCCACCGTGCCCGGCCTGTTTTTTTTTTCTTT

| TAACCCTTGCCTTGCCTGTTACCTTTCTTCGAGTAAATACATACATA

|
| +

: HAAA<AJFAAJFF-FFFAJA<7JFIINIRIIIFFRIIFRIIIF<-<JJAAI<FI7FRIFFFF-A<JIRIF7-ARI<AN7<77<F--7-F7FF7-AFJJAJ7<A-AAFA-FF-

\JARUT7ATTFFA-7TAT<7FF-AFIAF--77

T e e o o e e e e e e e M e e m M M e REm M M e REm M M e Mmm Mmn M e Rmm Mmm M e Mmm Gmm M e Rmm Mmm M e Gmm Mmm M e Mmm Mmm M e Mmm Mmm M e Mmm Mmm S e Mmm Mmm M R Gmm Mmm M e Mmm M M e Mmm M M e M M e e e

15t line is the sequence header which starts with an ‘@’ (not a >’!).

2" line is the sequence.

3" line starts with ‘+’ and can have the same sequence identifier appended (but usually doesn’t anymore).

4t line are the quality scores

‘Q;‘

)
Ao g

K00236 the unique instrument name

146 the runid

HLJ5WBBXX the flowcell id

1 flowcell lane

1101 tile number within the flowcell lane

0 'x'-coordinate of the cluster within the tile
23614 'y'-coordinate of the cluster within the tile
1 the member of a pair, 1 or 2 (paired-end or mate-pair reads only)
N Y if the read is filtered, N otherwise

0 0 when none of the control bits are on
NTTACT+TAAGAC index sequence

-

e o - =



Formula: score + offset => look for American Standard Code for Information
Interchange (ascii) symbol

Two variants: offset=64(lllumina 1.0-before 1.8); offset=33(Sanger, lllumina
1.8+).

A quality score is typically: [0, 40]

(33): "'"#$%&' () *+,-./0123456789: ;<=>?@ABCDEFGHI

(64) : QABCDEFGHIJKLMNOPQRSTUVWXYZ[\]”* “abcdefgh

[ ]
Sanger, Hllumina v1.3 to 1.7 (ASCII_BASE~64)
u a I y Q ASCHl P Q scu P Q sCcu P

A A Q ASCHl P
1 A ©.79a433 12 L e.e6310 23 w e.eesel 3a b °.c0ese
2 B e.63096 13 M @.es5012 24 x e.ee398 3s c e.eee32
SCO re 3 c e.se119 14 N e.e3981 2s v e.ee316 36 d e.eee2s
a o e.39811 1s o e.03162 26 z e.ee251 37 e e.oe020
R s = ©.31623 16 P @.e2512 27 [ .e0200 38 £ e.00016
6 F ©.25119 17 Q ©.01995 28 \ ©.00158 39 g e.ee013
E n c O d I n 7 G ©.19953 18 R ©.01585 29 3 ©.00126 a0 h ©.00010
8 " ©.15849 19 s e.e1259 30 ~ e.e0100
9 I @.12589 20 T o.e1000 31 i e.eee79
1e 3 e.10000 21 u ©.00794 32 3 ©.e0e63
11 K e.e7943 22 v e.ee631 33 a e.eeese
_ =9
Q=10 logy P e P=10m llumina v1.8 and later (ASCIl_BASE=33)
Q ASCHl P Q ASCHl P Q AscCHl P
o 1 - @.79433 12 - @.e6310 23 8 ©.ooc0d0
Phred Quality Score Probability of incorrect Base call accuracy 2 * ©.63096 13 - ©.e5012 24 9 ©.00032
base call 3 £ ©.50119 14 7 ©.03981 2s : @.e002s
10 1in 10 90% a % e.39811 is e e.e3162 26 3 e.eee20
: s 75 ©.31623 16 1 @.e2512 27 < e.o0016
20 1in 100 99% = - @.25119 17 2 ©.01995 28 - e.e0013
; o 7 ¢ ©.19953 1s 3 @.e158s 2 e.ee010
30 1in 1000 g 8 b) @.15849 19 4 @.21259 se > ©.00008
40 1in 10000 99.99% o - e.12589 20 s e.e1000 31 @
50 1in 100000 99.999% 1e + ©.10000 21 = e.00794 |32 A
11 2 ©.e7943 22 7 e.e0631 3 8
e - %
X Why is ASCII code used to record quality scores??

https://learn.gencore.bio.nyu.edu



s FastQC

@Basic Statistics

Filename NG51_28178181A_S1_S99_L995_R1_@el.fastq.gz
File type Conventional base calls

Encoding Sanger / Illumina 1.9

T 1 Sequ

Sequences flagged as poor quality @

Sequence length

@Per base sequence quality o - \@I_I'%_I ZHEF?_A\%I:% E/‘J BIH”-' l:Iﬁl:I )%'1’- L_J QE

40
38
36
24
3z
3o
28
26
24
22
20
18
16
14
12
10
g

=T S ]

ﬂHHIHIHHHHHIHHHHHHHHIHHHIHHHHHHHHHIHHHI _%F%LHHH

123456788 11 13 15 17 1% 21 23 25 27 296 31 33 35 37 38 41 43 45 47 4% 51 53 55 57 5% 61 63 65 67 69 71 73 75 77 7% 81 83 85 87 8% 81 93 85 &7 96 101 104 107 110 113 116 11% 122 125 128 131 134 137 140 143 146 149

8 5 Q >= 30
S




%izﬁ:

Taiwan Biobank

@Per tile sequence quality

Quality per tile
2228
22235
2222
2219
2216
2213
2210
2207
2204
2201
2128
2123
2120
2117
2114
2111
2108
2105

2102

1227
1224
1221
1218
1215
1212
1209
1206
1203

122456789 11 13 15 17 18 21 23 25 27 20 31 33 35 37 38 41 43 45 47 48 51 53 55 37 58 &1 63 65 67 68 71 73 75 77 78 Bl 83 83 87 88 61 93 65 @7 99 101 104 107 110 113 116 118 122 125 128 131 1234 137 140 143 146 148
Position in read (bp)

S A + Per tile sequence quality ST fail 2¢# warning » FHI 5
A lane SiCHE(E run o BT T ERSTH0RE » (LIRS Lt
FE AV eI, -

* Per sequence quality scores 1] AR & & H R MK E /Y
EREFEY o &3 quality trimming R A fE & R » EE
AN error batch?

1.0E8

5.0E7

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 38 39 40
Mean Sequence Quality (Fhred Score)



@Per base sequence content

Per sequence GC content

78 81 B3
itizn in read thp)

Per base sequence content 5—I' BHJATCGZ &= ° HijaiH
KambEt% A B FY AL BN & 2 E S I -
A2 2 RNA-Seq AT 5 IV iin A = E R A & 3R
HHE A= 22

Per sequence GC content GC & &HY/7AT @ BEE 0 fd4hd GC
aE-FHEPTE AR 1 - LB BRI EE R
5 GC &8 - HAL BT MarmEEEs o mar B 3 —(E
S EZEEAYIE(E - R [ HEamE AN E T AT R
a A NBNEFYIENFYHFE » (NHEERRELY 40%)



High GC regions affect coverage

| GATKEHELS

This GC-rich region is
poorly covered in the first
two samples -> unusable

e s e

X
eholieatengs Bl o Betnnin ot e . - e ~= = - = PP R T WS R N SR SNy e
B pm bwes e case oD e -m- = o=m - = 3 . @ en s T I r =
‘vt = 8 . n ' Ry A LA B L= : L.
- : - - - Shans - —
|= - - | .
AR P ae b : " =
ctadben » . i —
NN g 2% ¢ - |
—he e Y R O S W - PN g, S ey -~ - pp— - - R R SES_—_—— S NN N e “SSNa
) - ;3 mamw wsem = = - EEmas A e - > s mem m o e x "o mem o » ar €= 5 &
3 e = = o =3 - 3D - |
= = = = =3 es = =
[N Pp—
sootren

GC content = 0.69



@Per base N content

N content across all bases
100
an
a0
70
1]
30
40
30

20

10

1224567898 11 13 15 17 18 21 23 25 27 26 31 33 35 37 30 41 43 45 47 48 51 53 55 57 58 61 63 65 67 &% 71 73 75 77 78 81 B3 85 87 8% 91 93 85 &7 69 101 104 107 110 113 116 119 122 125 128 131 134 137 140 143 146 149

Fosition in read (bp)

* Per base N content (i ELRNATE sy EL > FREFAE AR semence Longth istruton
(BRI RE N B GRS T > R TSI

(trimming) °

2.5E8
2.0E8
2.5E8
2.0E8
1.5E8

1.0E8

2, h
» )’ 5.0E7
v
Taiwan Biobank
¢ 150 151 152

Seguence Length (bp)




@Adapter Content

100

o0

a0

70

60

50

40

30

20

10

o

% Adapter

llurnina Un

wersal Adapter

llumina Small RNA 3' Adapter

nina Small RNA 5' Adapte
Nestera Transposase Se

quence

Small RNA Adapter

1234567689 11 13 15 17 19 21 23 25 27 28 31 33 35 37 39 41 43 45 47 48 51 53 55 57 59 61 63 65 67 66 71 73 75 77 79 81 83 85 87 89 o1 93 @5 &7 ©9 101 104 107 110 113 116 119 122 125 128
Fm it ] flat

duplicate sequences & 77 HIRAVELH] - R4 BPT A

FP5 | AR P R R AT > 4L Rl X R T
S 7B EAF Ry CIHR E R A 1B 70 AT - TRl

TEFERHE A SRR Py s B ge SR S L
(diversity)

overrepresented sequences E#8 HIH H {5 #HE E &R

0.1% HIFF71] » #A 1 Ryifa fE RER A1 -

Adapter Content € F &R} HadaptergIHLE -

@Sequence Duplication Levels

@Overrepresented sequences

No overre ted sequences

Lo0

an

=h)

70

a0

30

a0

an

20

10

o

presen

Percent

131 134 137 140

of seqs remaining if deduplicated 85,15%

% Deduplicated sequence

% Total sequences

5

L]

Seguence

8 a =10

Duplication Level

=50 =100 =500 =1k =5k

=10k
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Local Alighment

Target Sequence

5" ACTACTAGATTACTTACGGATCAGGTACTTTAGAGGCTTGCAACCA 3°

Query Sequence |5 TACTCACGGATGAGGTACTTTAGAGGC 3°

Global Alignment

Target Sequence

5" ACTACTAGATTACTTACGGATCAGGTACTTTAGAGGCTTGCAACCA 3°

J 61 41 5 1 e ) ) I 1 1 1 4 0 A
5' ACTACTAGATT----ACGGATC--GTACTTTAGAGGCTAGCAACCA 3°

| Query Sequence I

https://www.majordifferences.com/2016/05/difference-between-pairwise-and-multiple-sequence-alignment.html
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SO

s> BWA MEM

e BWA = Burrows Wheeler Aligner (uses BW transform to compress data)
e MEM = Maximal Exact Match (how alignment “seeds” are chosen)

e Performs local alignment (rather than end-over-end)
e Can clip ends of reads, if they do not match

e Can split a read into pieces, mapping each separately
¢ Performs gapped alighment

e Utilizes PE reads to improve mapping

e Reports only one alignment for each read

e |f ambiguous, one of the equivalent best locations is chosen at random
e Ambiguously mapped reads are reported with low Mapping Quality

S bwa mem -t 4 -R '@RG\tID:foo_lane\tPL:illumina\tLB:library\tSM:sample_name'
/path/to/human.fasta read_1.fq.gz read_2.fq.gz | samtools view -S -b - > align.bam

Li H. et al. (2009). Bioinformatics, 25:1754-60.



s* Soft-clipped reads vs. improperly aligned
reads at a structural variant breakpoint.

Breakpoint

Y

eference . . . AACTAACCCCAAAGTCTACAATGTAAC. . .
ACCCCAAAGTCACTTGGGGT

Aligned CCCAAAGTCACTTGGGGTTG —
heads CTAACCCCAAAGT(C-ACTTGG
AACTAACCCCAAAGTCLACTT
alignment matches mismatches

All four reads are sampled from the variant sequence and span the breakpoint, but only the top two are
properly soft-clipped. The bottom two reads are aligned with mismatches and skips because the portion
that should be soft-clipped is only a few bases long and the global alignment is used instead. Inaccurate

soft-clipping can lead to false negatives for split-read based SV prediction algorithms and also lowers the
accuracy of SHEAR’s heterogeneity estimation algorithm.

e

https://pmc.ncbi.nlm.nih.gov/articles/PMC4007568/



s When trimming may not be necessary

When trimming might be harmful

* Applications like RNA-seq: For some applications, . i :
such as differential gene expression analysis using De novo assembly: Some studies have shown that

tools like Sailfish, a quasi-mapping approach is excessive trimming can be harmful to de novo

robust enough to handle low-quality and adapter- assembly and transcriptome characterization,
contaminated reads without the need for trimming. ootentially removing reads that could be used for

« Short, high-quality reads: If the quality of the readsis  assembly.
already very high, trimming may not provide any

benefit and could potentially remove useful data. e Variable read length: If you trim a variable amount

* Ancient DNA sequencing: In this case, degradation is from each read based on its quality, you can create

a key feature of the DNA. Trimming would remove regions of low coverage in your data, which can
the very information you are trying to analyze. : : :
negatively impact downstream analysis.

e
g



s* RNAseq reads mapped across splice junc)ons need special handlin~ m

TRANSCRIPTION P : o : : P
i intron P 5 i exon | i
premRNA @ . _________
SPLICING s
PREP & SEQUENCE : ' : :
=
MAP TO REFERENCE

reference I o g g g g g e aaaa aa IR Ll RRaRLERy

CIGAR strings

M MT0N10 M3
M M8N10M5
M M6 N10 M7
M M4N10 M9
B M2N10M11




s Mapped seq. files in sam format

@sQ SN:chr2L LN:23011544

@sQ SN:chr2LHet LN:368872

@sQ SN:chr2rR LN:21146708

@sQ SN:chr2RHet LN:3288761

@sQ SN:chr3L LN:24543557

@sQ SN:chr3LHet LN:2555491 . .

esQ SN:chr3R LN:27905053 Reference genome information Head

@SQ  SN:chr3RHet  LN:2517507 - €aaer

@sQ SN:chr4 LN:1351857

@sQ SN:chrM LN:19517

@sQ SN:chrX LN:22422827

@sQ SN:chrXHet LN:204112

@sQ  sN:chrYHet LN:347038 Read group information

@RG ID:SRR1663609 SM:ZW177 LB:2ZW155 PL:ILLUMINA

epc ID:bwa PN:bwa VN:0.7.8-r455 CL:bwa mem -M -t 4 -R @RG\tID:SRR1663609\tsM:2W177\tLB:ZW155\tPL: ILLUMINA H H

/local data/Drosophila melanogaster dm3/BWAIndex/genome.fa SRR1663609 1.fastqg.gz SRR1663609 2 P_r,ogram |nfr0mat|0n
.fastqg.gz

SRR1663609.1 97 chrX 2051224 &0 6M54S chrYHet 4586 0 GGATCGTGAT.. gggfgglgfg.. NM:i:0 MD:Z:46 AS:i:46 XS:i:0 RG:Z:SRR1663¢
SRR1663609.1 145 chrYHet 4586 0O 100M chrX 2051224 0 ACTTCTCTTC.. BBEBBbdd]c.. NM:i:0 MD:Z:100 AS:i:100 XS:i:99 RG:Z:SRR1663¢
SRR1663609.2 65 chr3RHet 2308288 0 100M chr¥Het 4712 0  AGAAGAGAAG.. ¥ b°_ccTccB.. NM:i:0 MD:Z:100 AS:i:100 XS:i:100 RG:Z:SRR1663¢
SRR1663609.2 129 chr¥Het 4712 60 38M62S chr3rRHet 2308288 0 CTTCTCTTCT.. eeeae’edee.. NM:i:1 MD:Z:17T20 AS:i:33 XS:i:21 RG:Z:SRR1663¢
SRR1663609.3 65 chr3RHet 2308278 0 100M chrYHet 4649 0  AGAAGAGAAG.. fEfffFfFFFFf. NM:i:0 MD:Z:100 AS:1:100 XsS:i:100 RG:Z:SRR1663¢
SRR1663609.3 129 chrYHet 4649 0 41M59s chr3RHet 2308278 0 ICTCTTCTCT.. £E£LL£L£££L. NM:i:0 MD:Z:41 AS:i:41 XS:i:41 RG:Z:SRR1663¢
SA:Z:chrX,5036484,-,16541M435,0,2;

SRR1663609.3 401  chxX 5036484 0 16H41M43H chr3RHet 2308278 0  AAAAGAAGAA. BBEBBBBBBBB.. NM:i:2 MD:Z:7A4G28 AS:i:31 X5:i:28  RG:Z:SRR1663¢
SA:Z:chrYHet,b 4649,+,41M595,0,0;

SRR1663609.4 99 chr3rHet 854491 0 100M = 854876 485 AGARGARGAA. NM:i:0 MD:Z:100 AS:i:100 XsS:i:100 RG:Z:SRR1663¢
SRR1663609.4 147 chriRrHet 854876 = 854491 -455 GAGRAGAGAA.. ftftfttttf NM:i:0 MD:Z:100 AS:i:100 Xs:i:100 RG:Z:SRR1663¢

best next

aln
score

aln
score

read mapping frag edit
name quality length dist

Read Read

position
on chr string position
on chr (shortened for clarity)

sequence | qualities

—ai
I Tacs |
. |



s* flag

145 = 00010010001

v

.»aﬁ

Read is a part of a fragment in sequencing (000000000001) — they all do, because our

data is all PE reads
Read aligns to reference as reverse complement (00000010000)

Read is the second end of the fragment (00010000000)

Binary Hex
Bit  Description

000000000001] (Ox1 template having multiple segments in sequencing
000000000010  (Ox2 each segment properly aligned according to the aligner
000000000100 (x4 segment unmapped
000000001000  ()x8 next segment in the template unmapped
000000010000] (x10 SEQ being reverse complemented
000000100000 (0x20 SEQ of the next segment in the template being reversed
000001000000 (Ox40 the first segment in the template
000010000000 (x80 the last segment in the template
000100000000] Ox100 secondary alignment
001000000000 0x200 not passing quality controls
010000000000 0x400 PCR or optical duplicate
100000000000 0x800 supplementary alignment



* CIGAR string S

CIGAR: Compact Idiosyncratic Gapped Alignment Report — shows how many indels, how many
bases soft- or hard-clipped

100M whole read aligned (no clips), no indels

16H41M43H 16 bp clipped from the beginning of the read, 43 bp clipped from the end,
41 remaining bases alighed with no indels

52548M 52 bp soft-clipped from the beginning (i.e., these bases are still shown, but do
not take part in alighment), the other 48 aligned without indel

3M1D2M1I1M 3 bases aligned followed by 1 base deleted, 2 next ones aligned, 1 base
inserted and the last one alighed

RefPos: : 23 48 6 7 8 9
Reference: CCATACT-GA
Read: S ATERCT RG
POS: 2 N Ny A8
CIGAR: 3M1D2M1I1M



s TAGS
TAG Example | Whatitmeans

NM NM:i:1 Number of mismatches (integer
value)
MD MD:Z:17T720 17 matches, then some other

base in place of T, then 20 more
matches (counting from
beginning of read)

AS AS:i:100 Alignment score 100 (integer)

XS XS:i:21 Second-best alignment score 21
(integer)

RG RG:Z:SRR166309 Read Group ID

SA SA:Z:chrYHet,4649,+,41M59S,0,0 Location and tags of second-best
hit



{Ee

«* Mark duplicates

* Duplicates = non-independent measurements of a sequence
* Sampled from same template of DNA

* Violates assumptions of variant calling

* Errors in sample/library prep will get propagated to all the duplicates

-> Just pick the “best” copy — mitigates the effects of errors

Data Pre-processing

Raw Reads ‘J]
=
y
: BWA mem
: -N
& Sort (Picard
_ Geo N 1L
Indel Realignment

Base Recalibration
Analysis-Ready
Reads

— —— } Reference B —
— e — T  —— R e —
L M
[S— [ E——
[ — e
or———0 e
oa——D
O >_ Mapped
(o c— E— |
—H————— reads
m—
S
_/

Picard MarkDuplicates

¥ = sequencing error propagated in duplicates

—a
|—
e —

.
—CCCCT —

—

—
I



s* Recalibrate Base Quality Score

Empincal quality score
20

s
(T

Reported quality score

Empincal quality score

Reported quaity score

| s - TE SR RLE BAM A CERFSE

R o PSR T e - B LE
(cycle) T o G40 © 2FH | AA IR TEITEAVIRA: |
shar e > HiaR (R G A E 8L -

ELFEEREAD - A ERIRYE AR ER (140 dbSNP)
KPR EIEREYE S - Het | iasshat | A -

| EERSE S RSB RS
L BCEITHIREERE o 24 BAM A
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SO

java -jar /path/GenomeAnalysisTK.jar \

-T BaseRecalibrator \

-R /path/to/human.fasta \

-l sorted.markdup.realign.bam \

--knownSites /path/1000G_phase1.indels.b37.vcf \

--knownSites /path/Mills_and_1000G_gold_standard.indels.b37 .vcf \
--knownSites /path/to/gatk/bundle/dbsnp_138.b37.vcf \

-0 recal_data.table

hh
S
o
“
—
—

]

-T PrintReads\  "TT--__

-R /path/to/human.fasta \ T~
-l sample _name.sorted.markdup.realign.bam \

--BQSR recal_data.tablen ____---7 -
-0 sorted.markdup.realign.BQSR.bam- - - -----=7""



s Germline vs. SomaKc Variant Discovery
gatk €}

Germline SNPs and Indels Somatic SNPs and Indels

Var. Calli
‘ﬁglis:z&:dr ’ ,‘ r ER 'g T [IndividuaII)'prucessed . . ]_\ g ‘ SNV & Indel Calling \
in modade N
TIN Pair Reads _J —
s

Ge notype Likelihood

_____________

' COSMIC | ' dbSNP

o | e

[ Joint Ge notyplng

1 Ry , Panel of Normals :I
[Rowvarants (ses ) (inces ',

} i S A

Variant Recalibration . Additional Fllterlng

separately per variant type oo TT 1_

Contamination _J
Andlysis-Ready [ ] [ ] [ Estimat w Analysis-Ready SNVs
[ Variants SNPS lndels * stimate Variants & Indels
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¥ Joint analysis empowers discovery at
difficult sites

Sample #1

#
0
9
o
£
@
"

Sample #N

 Sample #1 or Sample #N alone:
* weak evidence for variant
* may miss calling the variant

* Both samples seen together:
* unlikely to be artifact
* call the variant more
confidently



s* Matched Tumor/Normal samples from the
same individual oot

ERMLINE EVENT
somaﬁc SOMATIC EVENT I ARTIFACT I G

= B | E=——
I = |

e

i NORMAL

germline
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s* Filter variants by hard-filtering )

gatk VariantFiltration \
-V snps.vcf.gz \
-filter "QD < 2.0" --filter-name "QD2" \
-filter "QUAL < 30.0" --filter-name "QUAL30" \
-filter "SOR > 3.0" --filter-name "SOR3" \
-filter "FS > 60.0" --filter-name "FS60" \
-filter "MQ < 40.0" --filter-name "MQ40" \
-filter "MQRankSum < -12.5" --filter-name "MQRankSum-12.5" \
-filter "ReadPosRankSum < -8.0" --filter-name "ReadPosRankSum-8" \
-0 snps_filtered.vcf.gz

ST JSE 5 e

QD (QualByDepth) REBRAVELTE (QUAL) BREAERESRIE » W00 R 8 s i il i B AR QD <2.0

FS (FisherStrand) {5 FH Fisher's Exact Test 2 S G H EF /7 HfR= (strand bias ) FS > 60.0

SOR (StrandOddsRatio) L —7%&# strand bias 8L AT B EESEREEE SOR > 3.0

MQ (RMSMappingQuality) Ffi’A Reads LGB AV HRE » SHRELEGLE Y n(EE MQ < 40.0
MQRankSum i Fr 2 Z Bl R i FL A Reads FL¥ o/E 2= 22 MQRankSum < -12.5
ReadPosRankSum bhire s 2 BB R A ST Reads FHYLE =52 » fRIAIEEEOK R 7] BB & HH AR ReadPosRankSum < -8.0

https://gatk.broadinstitute.org/hc/en-us/articles/360035890471-Hard-filtering-germline-short-variants
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s* Filter variants by Variant Quality Score Recalibration (VQSR)

I5H VQSR ( #3328 50) Hard Filtering ( P91 )

JRIE RGBSR EUSEnEEE RIEEESHPIRETRIE

% ZEERSENRT M (MQAD - FS - MQ F) SEERSYUREEBRE

sE B RBE R S8R 1€ : FIERE - FEEENSH
i L 57 81 VQSLOD ( #EREHELL) =mOE - B0 PASS I FILTER
HiRFEK EEFERTARA (>30 samples ) ERlE 38 AR R AR E — AR DT

alll 4R & 1 FEZCHSMEZESE (1 HapMap * Omni ) FEZIGHEN

=0 FHERE - OFEE - B AREDN BERE - SSERAEE

iR =4 SEMAS - SHRTEEH BSBRIEEERYRBRERGY



S Basic idea (gatk €

Basic idea: training on high-confidence known sites to orgravere ] { +Resources |
determine the probability that other sites are true

VariantRecalibrator

(1) Train model using HapMap (2) Apply model to callset
Recalibration file
Tranches file
M Likely dbSNP & SNP found in doSNP More 320 * Filtered novel SNP *+ recalibration plots
biag 3207 errors ® SNP found at HapMap3 site  bias * Retained novel SNP
/ e 3 190 | W e e
8 ~1904 - Heterozygous B ——
o . arants - Homozygous 2 / N\ ApplyRecalibration
B \ ) / \ variants S _7104 {
8 7104 AR A % £\
w / A 5 I | \
— | Y
s -1,200 1 \ § =1,2001 | ‘| \ | [ Recalibrated VCF file ]
g ’ 8 N \ ',-'
: | 3 1,700+ WA
& -1,700 Gaussian mixture o N .
- ' mode'I fits . ' Lgss ; ' ' '
bias 44 10 180 240 " 44 10 180 240
Variant quality score / depth Variant quality score / depth

what good variants look like

Modified from DePristo et al. Nature Genetics. 2011



s How?

model PDF Ti/Tv truth
filtered 2195 90 -
+ retained
: (% o.-a Ny 2063 99 ;'}l;;}
5 e 1775999 | E Cumulative TPs -
5., - ] B Tranch-specific TPs
s = 15 7 E Tranch-specific FPs 0 0
6~ .:., b L . . 1.695 100 2 Cumulative FPs 7
Wy T T T T 1
o 2 4 6 8 0 2 4 6 0 10 20 %0 ®
HaplotypeScore HaplotypeScore Number of Novel Variants ( 100(35
. « Transversion (Tv) : AEHEREBRE (FlWNAGC - G@OTZH)
. . Transition (Ti) : FEREBHZEE (FlMAGG % CHT)

2~ R r - WGS520~22

" 000 ’ !- X '{ known
£ 03 W « VQSR 2HMMER : RIBEEMNEREISE (MM QD FS - MQ
Q-2 « 03 . &L == 5= =
: %)  FlEfiel "HE, EX "#HR, -
g ; . Gau55|an M|xture Model 2—7&: fﬁ*ﬂ A BRERERNEH

T g i ‘s : 15 ﬂﬁll_.]/ ?E ( EEE:‘]EEE ? ) 51%/_\

- GATK EHEANSRESE (W HapMap Omni ) Z5lI%R

: HaplgotypelScoreé OHapllotype;Scoren G M M L ﬁ r =B _EE_ ,%:.% E | E/J ?ﬁ 7|{ | ;:F'l K H H_.l' ﬂl L ﬁ 'ﬂﬁl f Ei
g3 SR MEE . BESUERPIEL -
%’ + VQSLOD = Ioglo(%:mzz / $EERR)

https://gatk.broadinstitute.org/hc/en-us/articles/360035531612-Variant-Quality-Score-Recalibration-VQSR



## SNP Recalibrator

java -jar /path/GenomeAnalysisTK.jar \

-T VariantRecalibrator \

-R reference.fasta \

-input samples.vef \

-resource:hapmap,known=false,training=true,truth=trueprior=15.0 /path/hapmap_3.3.hg19.sites.vcf \
-resource:omini,known=false,training=true,truth=false,prior=12.0 /path/1000G_omni2.5.hg19.sites.vef \
-resource:1000G,known=false,training=true,truth=false,prior=10.0 1000G_phase1.snps.high_confidence.hg19.sites.vcf \
-resource:.dbsnp,known=true,training=false,truth=false,prior=2.0 /path/dbsnp_138.hg19.vcf \

-an QD -an MQ -an MQRankSum -an ReadPosRankSum -an FS -an SOR -an DP -an InbreedingCoeff \
-tranche 100.0 -tranche 99.5 -tranche 99.0 -tranche 97.0 -tranche 95.0 -tranche 90.0 \

-mode SNP \

-recalFile Samp|es recal \ Omni - E@ﬁ*ﬂ%ﬁ@|||um|naE@Omn|§.ﬂ§'aF'| ’ j(ﬁ%ZSE%ﬂEﬁZ%ﬁ ° ﬂlﬁ”fj%%ﬂ%
-tranchesFile Samp|e3 trathes\ HEGE & truth=truth - true=false2&R S ERFHIBE -

-rscriptFile samples.R Tt ~— o _ _

java -jar /path/GenomeAnalysisTK jar -T ApplyRece?IlB'ratmn_,\ ~ o

-R human_g1k_v37.fasta \ \) ~y

-input samples.vcf \ , _

—-ts_filter_level 99.5\ -7 .

-tranchesFile samples.tranches \ =T _ -7

-recalFile samples.recal \ = -7

-mode SNP \ -

- Frior ~ Phred-scaled estimate of data accu racy
Training —-ZE R E2G&FREILNARNWERE - ARFIZRVQSRIZEL
%;,g, Truth -ZERZ2EFAMEREENGNESERE - SEZERIEEEVQSRI#Rbad modelfF
\El BEETSEEENEZER.
Known -ZERZGIERCEHMEEERE - ARBEESHNIET

-0 samples.snps.VQSR.vcf,_ -



## Indel Recalibrator

java -jar /path/to/GenomeAnalysisTK jar \
-T VariantRecalibrator \

--maxGaussians 4 \

-R human_g1k_v37.fasta \

-input samples.snps.VQSR.vcf \
-resource:1000G,known=false,training=true,truth=true,prior=10.0 /path/ 1000G_phase1.indels.hg19.sites.vcf \
-resource:mills,known=false,training=true,truth=true,prior=12.0 /Mills_and_1000G_gold_standard.indels.hg19.sites.vcf \
-resource:dbsnp,known=true,training=false,truth=false,prior=2.0 /path/dbsnp_138.hg19.vcf \

-an QD -an DP -an FS -an SOR -an ReadPosRankSum -an MQRankSum -an MQ -an InbreedingCoeff \

-mode INDEL \

-recalFile samples.snps.indels.recal \
-tranchesFile samples.snps.indels.tranches \
-rscriptFile samples.snps.indels.plots.R ~ =~ ~

“
L]
=
S

java -jar /path/to/GenomeAnalysisTK. jar \ ‘\ N -
-T ApplyRecalibration \ \ )
-R human_g1k_v37.fasta \ \ _7
-input samples.snps.VQSR.vcf \ i -
—-ts_filter_level 99.0 \ / -7
-tranchesFile samples.snps.indels.tranches \ ,’ _ - -

-recalFile samples.snps.indels.recal \ / .-

-mode INDEL \ ¥y --"

-0 samples.snps.indels.VQSR.vcf L~ -

b
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s VVCF

#CHROM POS ID REF FILTER INFO
20 14370 rs6054257 G PASS NS=3;DP=14;AF=0.5;DB;H2

FORMAT NAGOOO1
:DP : HQ :48:1:

NAOEOO3

5., .

genotype genotype quality

e CHROM: chromosome *  QUAL: quality score of the calls (phed scale)

* POS: position * FILTER: “PASS” or a filtering tag

* |D: identifier * INFO: additional information

» REF: reference base(s) . FORIV|IATZ describes the information given by
sample

* ALT: non-reference allele(s)

v

0/0: homozygous reference.
£i3

an Biobank

0/1: heterozygous, one from reference, one from alternate.

=

1/1. homozygous alternate.



«* VQSR output VCF (vs. Hard Filter)

e Before VQSR (input vcf):

FILTER INFO
AC=1;DP=32;FS=9.208; MQ=31.96;MQRankSum=0.08S5;...

AC=1;DP=64;FS=1.645;MQ=41.86;MQRankSum=1.87;...
AC=1;DP=239;FS=12.675;MQ=38.19;MQRankSum=-0.122;...

After VQSR (output vcf):

FILTER INFO

VQSRTranchelNDEL99.30t099.50 AC=1...;NEGATIVE_TRAIN_SITE; ;culprit=SOR

PASS AC=1;...;,QD=0.60; ;culprit=QD
VQSRTrancheSNP99.90t0100.00 AC=1;...;POSITIVE_TRAIN_SITE; A56;culprit=MQ

* Hard filtering vcf:

FILTER INFO
PASS AC=1;DP=32;F5=9.208; MQ=31.96;MQRankSum=0.085;...

INDEL_Filter AC=1;DP=64;F5=1.645;MQ=41.86;MQRankSum=1.87;...
SNP_Filter AC=1;DP=239;F5=12.675;MQ=38.19;MQRankSum=-0.122;...
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s VQSR problems
¢ 1 BABRE » BETERE - WES 9 variants BEX - 1 RFIRIAMMmodel

VOQSR ZEAEEEZERKEZURENSINESER -

o EHIRAXD (A <30 & exome Bk <1 18 WGS ) - HEEo[gE AR M A - EEBRKE -

2. FED AT E SRR

« VOSR a&FiAREEE (MW MQ - QD ~ FS) ZRSHnm - EXRLEE (W MQ ) ER LRM=BEA - oJpefERE

RH -
% TERHRELEIR (FINTER MQ ) RIBEER -
3. Bl s s

- EfEFM truth/training resource (41 Omni ~ HapMap ) #Z2rciEaR ( A0 truth=false FE% truth=true ) -

SHEUBEERAVEEGE -

EE:E VOQSLOD 8k % - BIRGERIREETARS -

# 4.Tranche 73 BRI ZH AR E
- B tranche plot & Ti/Tv LEEABE sensitivity B8 Mg - URBERFEEZSBENEEHERER -

EOgEEERNMmEBEAE BEBERSHIIRELES -
5. Indel HEIES S K

* Indel B9Et#E# > ftE SNP BEH - HEBER5A1E -

2% SNP £ Indel D FGIARELBIE -
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GATK Best Practices

Sequencing

.

v

Data

Variant Callset
Pre-Processing E> Discovery Refinement

FASTQ -> BAM BAM -> VCF

FASTQ
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BLAST/BLAT | BioMart \ Tools Downloa Help & Documentation | Blog Mirrors

f Help & Documentation Variation Variant Effect Predictor Variant Effect Predictor

VEP help contents Variant Effect Predictor script

Download

Requirements About | Web version | Perl script | Data formats | Frequently asked questions
~ Help

What's new

The installer script
Running the installer

Using the VEP in Windows

Running the script
Performance t | | rsion (7

Forking

Basic options
Input options
Cache options
QOutput options

Download

The Variant Effect Predictor script can be downloaded as a tarball from the Ensembl CVS server

NOTE: VEP version numbers have from release 71 changed to match Ensembl release numbers.

It is also included as part of the ensembi-tools module of the Ensembl API - you can find it in the ense

[~ Filtering and QC Previous versions: Show

Database options
- Advanced options Requirements

Examples
Databases and caching Version 71 of the script requires at least version 71 of the Ensembl Core and Variation APIs and their 1

Using the cache the supplied installer script

=
<

)

* regulatory region ¢ 5prime UTR * splice donor + splice region ¢« 3 prime UTR
gulatory reg :
* TF binding site * initiator codon * splice acceptor * intron
* downstream
* intergenic * synonymous + stop lost
* upstream *  missense * stop retained

o
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