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Where do these reads come from?
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How long are the reads?

TATTGCAATATGTTAACAATCTAACAAGGAAAAARATACCCCACACAAAACAAAACACAACCCTTAGAACTGTGCTG

75 nt
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While there are other technologies that can give longer read
lengths, lllumina reads are generally 50 nt - 250 nt



What do | do with my sequencing reads”?

Source: Slate via Noonan



Genome Variation

TP53 Sequence:

...GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT...

Single Nucleotide Polymorphism (SNP) - 1nt:

..GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT...
TorAorC

small INsertions and DELetions (INDEL) — 1-10nt:

...GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT...

large Structural Variations (SV) - > 100nt:

...GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT...



Comparison of variant calls for subject Z

SNP * Original approach (146K specific events):
S - Aligner: CASAVA; Variant Caller: Isaac

subZ issac illumina subZ GATK illumina

3.549M 3.559M

* Hybrid approach (60K specific events):
- Aligner: CASAVA; Variant Caller: GATK

0.146
million

0.06
million * Gold standard approach
(126K specific events):

- Aligner: BWA; Variant Caller: GATK

0.04
million

0.136
million

0.126
million

3.552M

subZ GATK new Align Common

SNV Rare SNVs




Comparison of SNPs across three genomes

Subject Z
3.56M

Subject S
3.52M

0.85
million

Subject N
3.59M



Genome Variation

TP53 Sequence:

...GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT...

Single Nucleotide Polymorphism (SNP) - 1nt:

..GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT...
TorAorC

small INsertions and DELetions (INDEL) — 1-10nt:

...GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT...

large Structural Variations (SV) - > 100nt:

...GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT...



Genome Variation

Single Nucleotide Polymorphism (SNP) - 1nt:

..GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT...
TorAorC



How to study & classify SNVs?

Coding vs Noncoding

—— Protein-coding gene * +

Rare vs Common SNVs Synonymous vs. nonynonymous SNVs
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Common Coding Variants

Overview & Coding Variants

10 242

SNVs of Individual Z

= Synonymous = Nonsynonymous = PrematureStop

» RemovedStop = SpliceOverlap = NA

> Rare Coding Variants
15 1 33

\

= Common_Noncoding = Common_Coding = Rare_Coding » Rare_Noncoding




Rare Non-synonymous Coding Variants

* 1018 SNVs -> 824 target genes

Gene Annotation

Cancer-related NOTCH2; PDE4DIP; TPR; CRTC3; CDH11; MLLT6;
ASXL1; HMGA1; KDM6A

DNA repair RECQL; RAD51; PPM1D; XRCC1; AP1B1; FANCI; PTPRH;
RBBP7; SLX4; POLR2A; DCLRE1C; ANKLE1

Cancer & DNA repair ATM; PMS2; ERCC5

Actionable Gene ATM; KDMB6A; INSR; FOXP4

* ATM: Serine/Threonine Kinase; Regulator of p53 and BRCA1; leukemia; ataxia-telangiectasia; breast cancer
* PMS2: Direct p53 effectors; mismatch repair cancer syndrome; colorectal cancer; hereditary nonpolyposis
e ERCCS5: Chks in Checkpoint Regulation; DNA Repair; xeroderma pigmentosum

 KDMG6A: Transcriptional misregulation in cancer

* INSR: Insulin Receptor; PI3K-Akt signaling pathway; GPCR Pathway; Diabetes mellitus

* FOXP4: Transcriptional repressor that represses lung-specific expression



Arylamine N-acetyltransferase (PDB: 2PFR_A ; gene: NAT2)
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® Post-translational modifications
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LOF variants
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LOF variants
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LoF variants that are predicted to be the most deleterious
(along with their associated genes)

Subject Z o I ) 8 T T

No disease associationsinOMIM 6 17606162 C FAM8A1 0.94365 Unknown, Autism related ?
(but CCDCA47 is associated with Pubmed: 22495306
Schizophrenia) 6 155577717 T A TIAM2  0.63655 0/1 Cell migration
17 61829719 A C CCDC47 0.92540 0/1 unknown
19 759925 C A  MISP 0.73605 0/1 Mitotic spindle positioning
44079970 ABCG8 0.92190 Sitosterolemia
215854316 ABCA12 097240 0/1 Ichthyosis
216240022 FN1 0.98975 0/1 fibronectin deficiency

111718091 CTNNAL1 0.98845 0/1

O O N N DN

130635074 AK1 0.96915 0/1 Hemolytic anemia
LYZL1 0.58365 0/1
GPR137  0.94075 0/1

PIK3C2G  0.95735 0/1

C
T
G
G
G
10 29581479 C
11 64056777 C
12 18800840 G
12 122400030 C WDR66 0.93380 0/1
C PCNX 0.98635 0/1
G CLN6 0.97080 0/1 Ceroid lipofuscinosiss
C ST8SIA2 0.91290 0/1
C

CDS2 0.95755 0/1

14 71570264
15 68504073
15 93007504
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20 5157344



Enrichment of genes affected by LoF SNVs in SubjectZ

Significant representation in olfactory genes!

Categories Affected by Non-Synonymous SNVs

I ™S I

SP_PIR_KEYWORDS polymorphism RT 556  79.2 gzlE 2.56-29

PIR_SUPERFAMILY JPIRSF003152:G protein-coupled olfactory receptor, class II RT = 26 3.7 2.8E-4 3.2E-2
I PIR_SUPERFAMILY JPIRSF800006:rhodopsin-like G protein-coupled receptors RT == 41 5.8 3.1E-4 2.3E-2
o GOTERM_BP_FAT sensory perception of smell RT - 31 4.4 3.1E-4 9.7E-2
L SP_PIR_KEYWORDS coiled coil RT s 102 14.5 3.2E-4 1.9E-2
o GOTERM_BP_FAT cell morphogenesis RT - 27 3.8 3.7E-4 1.0E-1
J GOTERM_BP_FAT sensory perception of chemical stimulus RT - 33 4.7 4.0E-4 9.3E-2
| SP_PIR_KEYWORDS| olfaction RT &= 30 4.3 4.0E-4 2.1E-2
KEGG_PATHWAY Olfactory transduction RT = 27 3.8 4.3E-4 2.8E-2
KEGG_PATHWAY Antigen processing and presentation RT = 11 1.6 4.7E-4 2.1E-2

Categories Affected by Premature Stop SNVs

] e tm __________dw o lcun % Pue: tesean:
PIR_SUPERFAMILY] PIRSF800006:rhodopsin-like G protein-coupled receptors 14.0 1.3E-5 3.2E-4
v GOTERM_MF_FAT olfactory receptor activit RT = 10 11.6 4.0E-5 5.3E-3
|| GOTERM_BP_FAT Senso erception of smell RT — 10 11.6 5.4E-5 1.7E-2
N SP_PIR_KEYWORDE olfaction RT 10 11.6 7.3E-5 9.2E-3
- GOTERM_BP_FAT sensory perception of chemical stimulus RT — 10 11.6 1.2E-4 1.9E-2
, INTERPRO Olfactory receptor RT 10 11.6 1.4E-4  2.4E-2
o PIR_SUPERFAMILY] PIRSF003152:G protein-coupled olfactory receptor, class II RT === 8 9.3 2.1E-4 2.5E-3
N KEGG_PATHWAY Olfactory transduction RT mmm 9 10.5 4.2E-4 1.7E-2
(] INTERPRO GPCR, rhodopsin-like superfamily RT s 12 14.0 4.3E-4 3.7E-2
N INTERPRO 7TM GPCR, rhodopsin-like RT s 12 14.0 4.4E-4  2.5E-2
- SP_PIR_KEYWORDS g-protein coupled receptor RT E 12 14.0 8.2E-4 5.1E-2
SP_PIR_KEYWORDS sensory transduction RT — 10 11.6 1.1E-3 4.7E-2
GOTERM_BP_FAT sensory perception RT memmm 11 12.8 1.4E-3 1.4E-1
SP PIR KEYWORDS transduce RT 12 14 .0 1 4F-3 4 4F-2




Genome Variation

TP53 Sequence:

...GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT...

Single Nucleotide Polymorphism (SNP) - 1nt:

..GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT...
TorAorC

small INsertions and DELetions (INDEL) — 1-10nt:

...GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT...

large Structural Variations (SV) - > 100nt:

...GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT...



Genome Variation

small INsertions and DELetions (INDEL) — 1-10nt:

...GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT...

large Structural Variations (SV) - > 100nt:

...GGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTCCGGTT...



Comparison of INDELs across three genomes

Subject Z Subject S
0.74M 0.73M

0.16
million

Subject N
0.83M



Consensus Structural Variations across three genomes

Deletions Duplications

Subject S Subject Z
3028

Subject Z
1804

Subject S
177 313

Subject N
184

Subject N
1540
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Processed Pseudogene Copy Number Variation

Human specific
processed
pseudogenes

Processed
pseudogenes

Pseudogenes

Pseudogene absence Pseudogene insertion

Subject S Subject Z
16 12

Subject Z
14

Subject S
10

Detected in 1000G
phase3

Subject N

Subject N
10

21



ALU variation

New Alu insertions

Subject S
1063

Subject Z
# of Alu in the genome 1024

387 360

1,238,995 146,308

320

Subject N
815
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Subject Z - SNPs frequency

Rare variants: MAF<0.05%

1,800 318,125

1,018 733 15,007 3,043

15 42,389

20



chr1:196652002-196829001 (CFH, CFHR3, CFHR1, CFHRZ, CFHR4)
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A common CFH haplotype, with deletion of CFHR1 and
CFHR3, is associated with lower risk of age-related
macular degeneration
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chr4:69377002-69493001 (UGT2B17)
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seudogene CNV — Example |

CBX3 Parental gene

Scale S Ko} { re19
chr?: 26,242, 000] 26,243, o00| 26,244, 060| 26,245, 006| 26,246, 000] 26,247, 000| 26,248, 00| 26,249, 006| 26,256, 006] 26,251, 000] 26,252, 000| 26,253, eoe|
My Custom Track
‘ - Sol1e: 429 CEMMDRICYO. 1 1188 621 44651 1 @ CENNDACIO(1 1122101 186911110
| CHHMDA 220311969233 6
|
|
|
|
|
|
5:111611364610:9 |
12:2113:820212: 9|
Basic Gene Annotation Set from GENCODE Version 19
cBK3 i
CBX3 4
CBX3 4
CBAS - -
. .
Scale 1 kb hgi9
chrig: 46,5853,580| 40,584, 00 40,354,508 46,855, eee| 46,855,580|
My Custom Track
%
Bazic Gene ANNOTATtion Set from GENCODE Version 19
CiSorfs?
Ciorfs?
CiSorfs?
Cigores?
CiSorfs?
Cisorers?
CiSorfs?
Cisorrs?

CLSorfST mm



