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Expected Outcome

1. Variant calling pipeline
- Understanding reasons for the steps, file interpretation
and factors affect variant calling.
2. Gene fusion
- Understanding the definition and RNA-seq.
3. GWAS
- P-value correction
4. Epigenetics
- Understanding gene expression regulation: structure and environment,

and Data analytics pipeline

Data Preprocess Step

Raw Unmapped Reads
Format: FASTQ

| @SRR6407486.1 1 length=100 |« Sequence name
| CCTCGTCTACAGCGACAAC ... GATTTGACCTACGTCGAAGTG |<[ DNA sequence |
+SRR64687486.1 1 length=108 <« Quality line break
| BBBBBFFFFFFFFFFFFFF ... FBFFFFFFFFFFF7FFFF<FF |« | Quality scores

B

‘i\ Base:!T

\ Quality: 7

\ Y

Quality scores as ASCII characters: \EF
IS HRREIEN/0123456789 : ; <=>?@ABCDEFGHIJK
Q = -1@log,, P

error

Q: o 5 15 30 40
Poo: 1.8 8.32 0.032 9.001 6.0001

Errord>




1. Mapping
- BWA for DNA
- STAR for RNAseq

Raw Mapped Reads

Format: SAM / BAM

Header Line:

@HD VN:1.6 SO:coordinate BAM header line
@S0 SN:seql LN:394893 _ Reference sequence dictionary entries

@SQ SN:seq2 LN:92783
@RG ID:A SM:SAMPLE A Read group(s)

Records:
(F-EF#HB W)
read name position " CIGAR read sequence metadata
\ | |
SLX1:1:127:63:4 99 1 10L52169 60 23M6N1OM = 14 10 GAAGATACTGGTT 768832'48:::: RG:Z:A ..
| I I
flags MAPQ \ mate information PHRED quality scores
(mapping qual Aty
CIGAR
RefPos: 2 234967 8 9
—+Reference: CCATACT-GA
» Read: CAT=-CTAG (2%8)
POS: 2
CIGAR: 3M1D2M1I1M
i@ Match 4

(48 Insertron
(1&)Deletron

@2 ¥ ;, (%] % 2 3B W) A5 {K Pt
_— Consumes  Consumes
Op BAM Description

query reference

M 0 alignment match (can be a sequence match or mismatch) yes yes

I 1 insertion to the reference yes no

D 2 deletion from the reference no yes

N 3 skipped region from the reference no yes

S 4 soft clipping (clipped sequences present in SEQ) yes no

H 5 hard clipping (clipped sequences NOT present in SEQ) no no

P 6 padding (silent deletion from padded reference) no no

- 7 sequence match yes yes

X 8 sequence mismatch yes yes

2. Marking Duplicates
- Library Duplicates
- Optical Duplicates



Variant calling

Raw Unmapped Reads
uBAM or FASTQ
1
[ Map to Reference ]

Raw Mapped Reads

{,,

Mark Dupllcates

Recallbrate Base
Qual.lty Scores

Analysis-Ready Reads

i

Analysis-Ready Reads
1

Call Variants Per-Sample
HaplotypeCaller in GVCF mode

Nsssessssssssssssssesssessssesesenannnnnnsnn,

L[ Consolidate GVCFs ]—J

Joint-Call Cohort

GenotypeGVCFs

Raw SNPs + Indels [ 1

,‘ Raw SNPs + Indels [ 1

[ Filter Variants ]
I

[ Refine G:!notypes ]

[ Annotate Variants ]

v

| Analysis-Ready [

|
[ Evaluate Callset ]

®‘A‘©

() (o]

Variant Call Format (VCF)

(( ##fileformat=VCFv4.1

HEADER
A

D

#CHROM POS
20 14370
20 1230237 .
20 1234567 .

(Posttion)

RECORDS

rs6054257 G A

##ireference=1000GenomesPilot-NCBI36
##INFO=<ID=DP,Number=1,Type=Integer, Description="Total Depth">
##INFO=<ID=AF, Number=A,Type=Float,Description="Allele Frequency">
##INFO=<ID=DB, Number=0, Type=Flag, Description="dbSNP membership">
##FILTER=<ID=s50,Description="Less than 50% of samples have data">
##FORMAT=<ID=GT , Number=1, Type=String,Description="Genotype">
##FORMAT=<ID=GQ, Number=1, Type=Integer ,Description="Genotype Quality">
##FORMAT=<ID=DP, Number=1, Type=Integer ,Description="Read Depth">

REF ALT QUAL
29
T . 47
GT G 50

FILTER INFO
PASS DP=14 ;AF=0.5
PASS

PASS

DP=13

DP=9
(DPt5Tot
G

FORMAT

GT:GQ:DP
GT:GQ:DP
GT:GQ:DP

ol L/rf ;IJ
FALLele Fre requen 1)
\ 1enotype: Erenot Ype Quada

NA0O0O1

0/0:48:1
0/0:54:7
0/1:35:4

NA00002

1/0:48:8
0/0:48:4
0/2:17:2

\

NA00003

1/1:43:5
0/0:61:2
1/1:40:3

1 Read Dept

per-sample GVCFs

3. Base Recalibration

Joint analysis

o

What Final is going to Test:

>

1. Reasons that we need to do the steps.
2. Ability to read the records in those files.
3. How different factors affect the quality of the mapping and the variant calling.

Final multi-sample VCF
[The value of QULAL increase]




Genome-Wide Association Studies (GWAS)

- Spot the variant that is common amongst all affected
Bonferroni correction

- Adjusted P-Value = P-Value / Number of Tests

RNA-seq data analysis

Choose Choose and tune . .
= | informative genes | ~ | classification algorithm | — | Validation | = {Implementation

[ Exploration

—

Differential Gene Expression Algorithm training RT-PCR

Whole genome: s s 9 Independent s
RNA-se Multiple testing Overfitting dubiaatls) NanoString
q (Bonferroni, FDR) (Cross-Validation) RNA-seq ...

Gene-Fusion

[Chromosomal Translocation, Interstitial Deletion, Chromosomal Inversion]
- Discovered in cancer cell in 1980s.

- Formed by fusion of two distinct wild type genes.

- Produced by somatic genome rearrangements in cancer.

- Required whole genome sequencing.

Abnormal gene expression

- Epigenetics

Sequencing protocols

Compact chromatin @

L3

A

(&% compacted] A Secencing
g DA Nucleosome
FAIRE DNasel X 3
accessibl hyp itive Tn5 insertion !. =
A W A —_—
DNase-seq <’ ATAC-se MNase-sequencing ChlP-seq ¢—_
N\
~ RVBARE Clhromotan @A bt

ACCE




Peak Calling [Statistical testing: Peak shape VS random background]

Choose and tune
classification algorithmj

- ( Validation — l Implementatior|

Eislorati — Choose
Xploraiion informative genes

Linear scores =
3.5*Genel - 4.8*Gene2 +
5.0*Gene3 +10.4*Gene4 ...
\ S e

NICE
FDA
Al algorithms: SVM, RF,
ANN, ...
Whole genome: DifferentiaI_Gene E>A<pression Algorithrr_n tl:aining e RT-PCF_!
RNA-se Multiple testing Overfitting dutanet(s) NanoString
9 (Bonferroni, FDR) (Cross-Validation) RNA-seq ...
Histone marks and chromatin accessibility
Tl 4 ~
Promoter Gene )
NTAL—cen®?( A, Chromatin . .
accessibility Prass-N
TF
TFBS
RNA Polll
H3K4me3 -
H3K4me1
H3K27ac
H3K36me3
H3K9me3 -
Hak27mes A : Yy — ¥
Chioatin I N S—
wintee Repressive state Enhancer T state Poised state Repressive state
Final Take Home Message:

No need to understand the “entire detailed pipeline”, focus on the understand of

Epigenetics, Sequencing Process, and Peak Calling Process.

Resources

https://www.ebi.ac.uk/training/materials/cancer-genomics-materials/

GATK workshop slides:
https://drive.google.com/drive/folders/1y7q0gJ-ohNDhKG85UTRTwW 1Jkq4HJ5M3
GATK workshop video: https://www.youtube.com/watch?v=sM9cQPWwvn4



https://www.ebi.ac.uk/training/materials/cancer-genomics-materials/
https://drive.google.com/drive/folders/1y7q0gJ-ohNDhKG85UTRTwW1Jkq4HJ5M3
https://www.youtube.com/watch?v=sM9cQPWwvn4

GWAS workshop:
https://www.youtube.com/watch?v=xw419NKgMqw
Epigenetics:  https://www.youtube.com/watch?v=IAu44BkOaSs

https://www.encodeproject.org/atac-seq/



https://www.youtube.com/watch?v=xw419NKqMqw
https://www.youtube.com/watch?v=IAu44BkOaSs
https://www.encodeproject.org/atac-seq/

