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Genotyping Technologies

The technology used depends on the number of
variants and number of samples.

Single to a few SNPs in a small population (<960)
— TagMan

— Pyrosequencing

— Allele Specific PCR

Intermediate # of SNPs, Intermediate population size

— No good option here (BeadExpress or GoldenGate from
lllumina but these are being discontinued)

Large # of SNPs, large population

— Infinium from lllumina (up to 5M SNPs per slide)



Single SNP Analysis

Direct Sequencing
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Cycle Sequencing with Dye Termination
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The Next Generation



lllumina Platforms

HiSeq2500
MiSeq Two flowcells
wSi.ngJeJLewelL-vqw- b ~600billion bases sequenced
36bp Ha2ENNRMES 50bp-100bp increments
Higz3-608bpeihbasaasguenced

) J Lower cost per base sequenced
Singhniglacha P irédrethend reads Single reads and Paired end reads

Rapid Runs 26-48hrs



lllumina NextSeq 500
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lllumina HiSeq X Ten




Sequencing Power For Every Scale.

HiSeq X Five

HiSeq 4000

18006GH | 6B | 2%150

Increasing System Price & Output

12060 | 4000 || Z2x160

1560 | 250 | Zx300

Decreasing Price Per Gb

HiSeq X Ten

1800Gb | 68 | 2150



Useful Next-Gen Terms

Cluster

— Individual island of DNA molecules representing a single, unique template
Clusters Passing filter

— Number of clusters able to be distinguished by the software as individuals
Fastq

— DNA Sequence file that is able to be read by downstream analysis
applications

Q-Score

— A quality score based on the Phred score from Sanger Sequenicng which is
the probability a base is incorrect at a give position. Example: Q30 means
there is a 1:1000 chance the base is incorrect. Or stated another way it
means the base call is 99.9% accurate

Phasing/Prephasing

— When the DNA sequencing reaction is either a base ahead or a base
behind the majority of the other molecules

Depth of Coverage

— The average number of times a base is read within the genome
Reads

— Actual sequence



Flowcells through time
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DNA Library Prep and Flow cell Production
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Library Assessment and Quantitation

Amplification Curves
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lllumina Cluster Generation




7. DETERMINE FIRST BASE 8. IMAGE FIRST BASE 9. DETERMINE SECOND BASE

Laser
Laser
The first sequencing cycle begins After laser excitation, the emit- The next cycle repeats the incor-
by adding four labeled reversible I e e e T o poration of four labeled reversible
terminators, primers, and DNA is captured and the first base is terminators, primers, and DNA

polymerase. (it polymerase.



10. IMAGE SECOND CHEMISTRY
CYCLE
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After laser excitation, the image is
captured as before, and the identity
of the second base is recorded.

11. SEQUENCING OVER MUL-
TIPLE CHEMISTRY CYCLES
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The sequencing cycles are repeated
to determine the sequence of bases
in a fragment, one base at a time.

12. ALIGN DATA

T
L GCTGATGTGCCGCCTCACTCCGGTGG

CACTCCIGIGG
CICACTCCIGIGG
—> GCIGATGTGCCACCTCA
GATGTGCCACCTCACTC
GTGCCGCCTICACTCATG
CTCCTGTGG

Uninoam vorios! Kagram
iderefied ond colled SINP coled

HiSeq can generate
600 Billion bases
in one instrument run

The data are aligned and com-
pared to a reference, and sequenc-
ing differences are identified.
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Single End vs. Paired End Sequencing




lon Semiconductor Sequencing
(aka ion Torrent or Proton)

Polymerase integrates a nucleotide.

Polymerase

Hydrogen and pyrophosphate are released.

Source:http://en.wikipedia.org/wiki/lon_semiconductor_sequencing



lon Semiconductor Sequencing

@Polymerase ;

Template Strand

The nucleotide does not compliment the template - no release of hydrogen
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Pacific Biosciences Technology
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Complete Genomics Technology
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Nanopores




Oxford Nanopore
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5'-ACTACCTAGTTTACGTAATCCATCTGCACAATGCAGCATTBtN-3'
5'-ACTACCTAGTTTACGTAATCCATCTGTACAATGCAGCATTBtNn-3'
5'-ACTACCTAGTTTACGTAATCCATCTGAACAATGCAGCATTBtn-3'
5'-ACTACCTAGTTTACGTAATCCATCTGGACAATGCAGCATTBtn-3'

Fig. 2. Nanopore strand sequencing.

(A), Basis of nanopore sequencing. ssDNA is fed through an individual protein pore by an enzyme that handles dsDNA. The sequence is
determined by analysis of fluctuations in the ionic current. (B), Early base identification experiments. ssDNAs were suspended in an aHL
pore by attachment to streptavidin to mimic the ratcheting motion of the enzyme. The bases G, A, T, and Cin a DNA hetero-oligomer
each gave a different residual ionic current. Adapted with permission from Stoddart et al. (25 ).

Bayley, H. Clinical Chemistry 61:1:25




The MinlON




Sequence from the minlON
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Bayley, H. Clinical Chemistry 61:1:25



MspA Nanopore
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Sequencing DNA



Human Whole Genome Sequencing

Initial Ref Sequence $300 million and took about a decade. (Draft reported in
2001)
Humans sequenced
— Craig Venter
— James Watson
— Yoruban from HapMap
— Korean (35 individuals published in 2014)
— Han Chinese
Broad has released 60K Human Exomes
— exac.broadinstitute.org

Broad has “tweeted” it has completed 10K whole human genomes with the
lllumina X Ten

HiSeq2500 High Output--human genome can be sequenced for about $5,000
at an average read depth of 30X in 10 days

HiSeq2500 Rapid Run— human genome can be sequenced in about 2 days
to 30X coverage for ~$4,000.



DNA Sequencing with Next-Generation Technologies

A Draft Sequence of the
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Applications

Whole Genome Sequencing

Exome Sequencing

Targeted Genomic Sequencing
Chromatin-IP-Sequencing

DNAse | Hypersensitivity Sequencing
Methyl-Seq (RRBS, MeDIP, etc)
Microbiome Sequencing
Metagenomics
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SureSelect Exome Capture

GENOMIC SAMPLE
(Set of chromosomes)

SureSelect”
Target Enrichment System
Capture Process
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Disease Genes Discovered by Direct Whole Exome
Sequencing®

MYH3
SLC26A3

DHODH

FLVCR2

FLNA

GPSM2

HSD17B4

MLL2

ABCG5

WDR62

PIGV

WDR35

SDCCAGS8

STIM1

SCARF2

C200rf54

MASP1

ABCC8

BAP-1

ACADS

DYNC1H1

RAB39A

YY1

DEAF1

Freeman-Sheldon Syndrome
Bartter Syndrome

Miller Syndrome

Fowler Syndrome

Terminal Osseous Dysplasia (TOD)
Nonsyndromic Hearling Loss (DFNB82)
Perrault Syndrome/DBP

Kabuki Syndrome

Hypercholesterolemia

Brain Malformations

Hyperphosphatasia Mental Retardation (HPMR)
Sensenbrenner Syndrome
Nephromophthisis-related Ciliopathies

Kaposi Sarcoma

Van Den Ende-Gupta Syndrome
Brown-Vialetto-Van Laere Syndrome
Carnevale, Malpuech, OSA and Michels Syndromes
Neonatal Diabetes Mellitus

Metastasizing Uveal Melanomas

Complex I Deficiency

Mental Retardation

Mental Retardation

Mental Retardation

Mental Retardation

*As of 23 Nov. 2010

Ng SB, et al. 2009. Nature 462
Choi M, et al. 2009 PNAS 106(45)

Ng SB, et al. 2010 Nat Genet 42(1).
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Harbour JW, et al. 2010 Science Nov 4 Epub.

Haack TB, et al. 2010 Nat Genet Nov 7 Epub.
Vissers LELM, et al. 2010 Nat Genet 10.1038/ng.712
Vissers LELM, et al. 2010 Nat Genet 10.1038/ng.712
Vissers LELM, et al. 2010 Nat Genet 10.1038/ng.712

Vissers LELM, et al. 2010 Nat Genet 10.1038/ng.712



Targeted Re-sequencing

The ability to capture specific sequences in the genome

Long range PCR

Multiplex PCR strategies

Solution capture on Biotin labeled oligos
HaloPlex



Genomic Capture of Breast Cancer
Relevant Genes Followed by Next-Gen
Sequencing.

Germline DNA (3 ug)

l Sonicate, repair, ligate adapters

Paired-end library
(200 bp inserts)

l Hybridize to baits, purify

Library enriched for targeted

genomic regions

l Sequence 2x76bp reads

| Raw sequence data (~5 Gb)

l Bioinformatic filters

| Align to human genome (hg19) |

/

)

i

Known variants
(dbSNP)

Novel variants

Read depth

T

!

!

Compare to mutation
databases

Large deletions
and duplications

!

Predicted effect on
mRNA and protein

/

Walsh T et al. PNAS 2010;107:12629-12633
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p53
PTEN
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41,186,313
32,879,617
29,073,731
23,604,483
59,759,985
7,561,720
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1,195,798
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108,083,559
215,583,275
37,024,979
94,140,467
47,620,263
48,000,221
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6,002,870
131,882,630
56,759,963

41,347,712
32,983,809
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59,940,755
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ChlP-Seq,

Cross-link whole cells
with formaldehyde

genomic
DNA

Sonicate DNA to
produce sheared,
soluble chromatin

‘ protein-specific
antibody

%% Immunoprecipitate
/J< \>/¢ and purify
o\ immunocomplexes

Reverse cross-links,
purify DNA and
prepare for sequencing

Figure 1 | Workflow of Chip-seq. DNA and proteins are cross-linked and purified; then bound DNA is
analyzed by massively parallel short-read sequencing.

Johnson et al., Science 316:1497 (2007)
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ChIP-Seq

A Canonical NRSE motif
left half-site right half-site
* *

" Ac
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11 bp half-site distance

C Novel noncanonical NRSE motif

left half-site right half-site

..................

‘ ' n-bhxmlwluwm:
17 bp half-site distance

Johnson et al., Science 316:1497 (2007)
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Methylation profiling

Whole genome bisulfite sequencing

MeDIP (Methylated DNA-IP)

Reduced Representational Bisulfite Sequencing
Specific Capture methods

Bisulfite-mediated conversion of cytosine to uracil

Sulphonation Hydrolytic deamination Desulphonation

2 So 2 O
H M
: H.0 + NH
HNZ | —  » HN” e )ﬁ\ — HN
O)\N OH O)\N 50.

Cytosin Cytosinsulphonate Uracilsulphonate

Uracil



Johnson et al., Science 316:1497 (2007)
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NRSE motif
Cross-link whole cells \»
‘ with formaldehyde
i

Isolate 0 L /\l\i ” \'\_/‘/\.—1—_/\

129 count

i L5
genomic 182367900 182368300 182368700
DNA

\

® = : : T W
. %m Sonicate DNA to
N produce sheared,
soluble chromatin
® .

Add ¢
‘ protein-specific
antibody Ex 1 ChiP
Exp 1 Control . . e
- = YT
Immunoprecipitate
and purify
immunocomplexes
Reverse cross-links,
purify DNA and
prepare for sequencing Exp 2 ChIP
Exp 2 Control
NeuroD1 e |
Figure 1 | Workflow of Chip-seq. DNA and proteins are cross-linked and purified; then bound DNA is i:';‘mm'“" = — LY
analyzed by massively parallel short-read sequencing.
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B 12 bp Seed
Reference Genome: TGGTGTTGAGTAATGAT

s X X
Genom‘m DNA R R B S lllumina Read: CGGCGTTGAGTAATGAT

Alignment to Reference Genome

Me
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Resource

The NIH Human Microbiome Project
The NIH HMP Working Group'

The Human Microbiome Project (HMP), funded as an initiative of the NIH Roadmap for Biomedical Research (http://
nihroadmap.nih.gov), is a multi-component community resource. The goals of the HMP are: (1) to take advantage of new,
high-throughput technologies to characterize the human microbiome more fully by studying samples from multiple body
sites from each of at least 250 “normal” volunteers; (2) to determine whether there are associations between changes in the
microbiome and health/disease by studying several different medical conditions; and (3) to provide both a standardized
data resource and new technological approaches to enable such studies to be undertaken broadly in the scientific com-
munity. The ethical, legal, and social implications of such research are being systematically studied as well. The ultimate
objective of the HMP is to demonstrate that there are opportunities to improve human health through monitoring or
manipulation of the human microbiome. The history and implementation of this new program are described here.
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26%

Figure 3. Bacterial distribution by body site. This figure shows the
distribution by body site of bacteria that have been sequenced under the
HMP or are in the sequencing pipelines.

Peterson J, et al. 2009. Genome Res 19:2317



Global patterns of 16S rRNA diversity at a depth of
millions of sequences per sample

). Gregory Caporaso?, Christian L. Lauber®, William A. Walters®, Donna Berg-Lyons®, Catherine A. Lozupone?,
Peter J. Turnbaugh®, Noah Fierer®®, and Rob Knight*""

Target gene:
5 3
+ strand
.. . CTTCCACTTAAATGAGACTT GTGCCAGIMGCCEIGETAA .. ... . iiiiiieennrrnnnnannnnnnns amplicon....... ATTAGAWACCCBDGTAGTCC ATACAGGTGAGCACCTTGTA. ..
- . -GAAGGTGAATTTACTCTGAA CACGETCOKCGGEECCATT ... .. iiiiiecnnennnnnanns o amplicon........ TAATCTWTGGGVHCATCAGG  TATGTCCACTCGTGGAACAT... strand
3 ’ 5 ’

Amplification primers with annealing sites:

. .CTTCCACTTAAATGAGACTT GTGCCAGEMGCCOCOETAR .. oo o oot e amplicon. .. .. .. ATTAGAWACCCBDGTAGTCC ATACAGGTGAGCACCTTGTA. . .
“————— TAATCTWTGGGVHCATCASG (oA CTGACTGATTGCGTGCGATCTAGAGCATACGGCAGAAGACGAAC
Rewprimer  po |iker Rev.Pad  RCof RC of + strand 3'
Forward PCR primer construct barcode lllumina Adapter

+strand §' llumnaAdapter  For:Pad  For Linker Reverse PCR primer construct
5 Forward primer
AATGATA(GG(GA((A(CGAGACGTA(GTA(G(;TGT“W““TM

- . . GAAGGTGAATTTACTCTGAA CACGGTCOKCGGCGCCATT .. ... iiiernnnnnannnnnn e amplicon........ TAATCTWTGGGVHCATCAGG  TATGTCCACTCGTGGAACAT. . .

PNAS 2011. 108:supp1:4516



MSA after forward primer

_] Jalview 2.7
File Tools Vamsas Help Window
C:\Users\ranjit\Desktop\morrow-working-files\RDP\bacterial65_508_mod5.stk o B e
File Edit Select View Format Colour Calculate Web Service
7‘50 ) 7IBO ) ?:70 , 7|80 , '.’IQO , EEOEI , 3|10 , BIZD , EESCI , 3540 , 8.50 , EEBO , EE?CI , 3|30
NC_007292/1-1566 CIGUGCCAGCAGCCGCGGUAAJUACGGAG ----- GGUGCGAGCGUUAAUCGGAAUUACUGGGCGUAAA-GAGUACGUAGGUGGU - UUGUUAAGUCAG- AUGUG - AAAUCCCUGAGCUCAACUUAGGA- ACUGCAUUUG -
NC_00876%1-1532 CGUGCCAGCAGCCGCGGUAAUACGUAG - - - - - GGUGCGAGCGUUGUCCGGAAUUACUGGGCGUAAA-GAGCUCGUAGGUGGU-UUGUCGCGUUGU-UCGUG-AAAUCUCACGGCUUAACUGUGAG-CGUb:CGGGCG 4
NC_008800¢1-1543 CGUGCCAGCAGCCGCGGUAAUACGGAG - - - - - GGUGCAAGCGUUAAUCGGAAUUACUGGGCGUAAA-GCGCACGCAGGCGGU-UUGUUAAGUCAG-AUGUG-AAAUCCCCGCGCUUAACGUGGGA-ACUI‘G:CAUUUG 2
NC_009496/1-1533 CGUGCCAGCAGCCGCGGUAAUACGGAG - - - - - GGUGCAAGCGUUAUUCGGAAUGACUGGGCGUAAA-GCGCACGCAGGUGGU - UUVAUAAGUCAG-GUGUG - AAAUCCCUGGGCUCAACCUAGGA- AUUGICAUUUG
NC_008767/1-1541 CGUGCCAGCAGCCGCGGUAAUACGUAG - - - - - GGUGCGAGCGUUAAUCGGAAUUACUGGGCGUAAA-GCGGGCGCAGACGGU - UACUUAAGCAGG-AUGUG-AAAUCCCCGGGCUCAACCCGGGA-ACUIG:CGUUCU
NGC_009495/1-1989 CGUGCCAGCAGCCGCGGUAAUACGAAG- - - - - GGGGCUAGCGUUGCUCGGAAUCACUGGGLCGUAAA-GGGUGCGUAGGLCGGG - UCUUUAAGUCAG-GGGUG-AAAUCCUGGAGCUCAACUCCAGA-ACUk‘;:CCUUUG
NC_009993/1-1599 CGUGCCAGCAGCCGCGGUAAUACGUAG - - - - - GUCCCGAGCGUUGUCCGGAUUUAUUGGGCGUAAA-GCGAGCGCAGGLCGGU - UUGAUAAGUCUG-AAGUA-AAAGGCUGUGGCUUAACCAUAGU-AC-I‘G:CUUUGG
NGC_009492/1-1549 CGUGCCAGCAGCCGCGGUAAUACGUAG- - - - - GUCCCGAGCGUUGUCCGGAUUUVAUUGGGLCGUAAA-GCGAGCGCAGGCGGU - UUGAUAAGUCUG - AAGUA- AAAGGCUGUGGCUUAACCAUAGU - AC-GICUUUGEG
NC_00999%/1-1519 CGUGCCAGCAGCCGCGGUAAUACGGAG- - - - - GAUCCAAGCGUUAUCCGGAAUCAUUGGGUUUAAA-GGGUCCGUAGGCGGU - UUAGUAAGUCAG - UGGUG-AAAGCCCAUCGCUCAACGGUGGA-ACGb:CCAUUG
NC_00904%1-1967 CGUGCCAGCAGCCGCGGUAAUACGGAG - - - - - GGGGCUAGCGUUAUUCGGAAUVUVUACUGGGLCGUAAA-GCGCACGUAGGCGGA - UCGGAAAGUCAG-AGGUG-AAAUCCCAGGGCUCAACCEUGGA-ACUb:CCUUUG
NC_003954/1-1520 CGUGCCAGCAGCCGCGGUAAUACGUAU - - - - - GUCACGAGCGUUAUCCGGAUUUAUUGGGCGUAAA-GCGCGUCUAGGUGGU-UAUGUAAGUCUG-AUGUG-AAAAUGCAGGGCUCAACUCUGUA--UUI‘G:CGUUGG
NC_00836%1-1528 CGUGCCAGCAGCCGCGGUAAUACGGGG - - - - - GGUGCAAGCGUUAAUCGGAAUUVACUGGGCGUAAA-GGGUCUGUAGGUGGU - UUGUUAAGUCAG-AUGUG«AAAGCCCAGGGCUCAACCUUGGA-ACU:G:CAUUUG
NC_007722/1-1986 CGUGCCAGCAGCCGCGGUAAUACGGAG- - - - - GGAGCUAGCGUUGUUCGGAAUUACUGGGCGUAAA-GCGCGCGUAGGLCGGL - UAUUUAAGUCAG-GGGUG - AAAUCCCGGGGCUCAACCCCGGA- ACUGCCUUUG
NC_00800%1-1502 UGUGCCAGCAGCCGCGGUAAUACAGAG - - - - - GGUGCAAGCGUUGUUCGGAAUVUVAUUGGGCGUAAA-GGGCGCGUAGGCGGU-GCGGUAAGUCUC - UAGUG - AAAUCUCCGGGCUCAACUCGGAG - CCUb:CUAGGG
NC_003950/1-1529 CGUGCCAGCAGCCGCGGUAAUACGUAG- - - - - GGUGCGAGCGUUGUCCGGAAUUACUGGGCGUAAA-GAGCUCGUAGGUGGU-UUGUCGCGUCGU-CUGUG-AAAUCCCGGGGCUUAACUUCGGG-CGUI‘G:CAGGCG
NC_00277%/1-1525 UGUGCCAGCAGCCGCGGUAAUVACAUAG - - - - - GGUGCAAGCGUUAUCCGAAAUUVAUUGGGUGUAAA-GAGUUCGUAGGUUGU - UUGUUAAGUCAG - AAGUU - AAAUCCCGGGGCUCAACCCUGGC - CC-:G:CUUUUG
NC_005966/1-1538 UGUGCCAGCAGCCGCGGUAAUACAGAG - - - - - GGUGCAAGCGUUAAUCGGAUUUACUGGGCGUAAA-GCGCGCGUAGGLCGGL - CAAUUAAGUCAA- AUGUG - AAAUCCCCGAGCUVUAACUUGGGA- AUUGCAUUCG
NC_00993%1-1536 CGUGCCAGCAGCCGCGGUAAUVACGAAG - - - - - GGUGCAAGCGUUAAUCGGAAUUACUGGGCGUAAA-GCGCGCGUAGGUGGU - UCGUUAAGUUGG-AUGUG-AAAGCCCCGGGCUCAACCUGGGA-ACUHCAUCCA
NC_009438/1-1593 CGUGCCAGCAGCCGCGGUAAUACGGAG - - - - - GGUCCGAGCGUUAAUCGGAAUUACUGGGCGUAAA-GCGUGCGCAGGLCGGU - UUGUUAAGCGAG-AUGUG-AAAGCCCUGGGCUCAACCUAGGA-AUA:G:CAUUUC
NC_009937/1-1549 CGUGCCAGCAGCCGCGGUAAUACGUAG - - - - - GUGGCGAGCGUUGUCCGGAAUUACUGGGCGUAAA-GGGUGCGUAGGLCGGL - UAUGCGAGUUAA-GCGUG - AAAGCCUUAGGCUCAACCUAAGG - AUUGICGCUUA
NGC_004128/1-1539 UGUGCCAGCAGCCGCGGUAAUACAGAG- - - - - GGUGCAAGCGUUAAUCGGAAUUACUGGGCGUAAA-GCGCGCGUAGGUGGU - UUGUUAAGUUGG-AUGUG-AAAGCCCCGGGCUCAACCUGGGA-ACUIK‘;:CAUCCA
NC_009936/1-1590 CGUGCCAGCAGCCGCGGUAAUACGGAG- - - - - GGUGCAAGCGUUAAUCGGAAUUACUGGGCGUAAA-GCGCACGCAGGLCGGU - CUGUCAAGUCGG-AUGUG-AAAUCCCCGGGCUCAACCUGGGA-ACUIG:CAUUCG
NGC_009434/1-1537 CGUGCCAGCAGCCGCGGUAAUACGAAG- - - - - GGUGCAAGCGUUAAUCGGAAUVUACUGGGLCGUAAA-GCGCGLCGUAGGUGGU - UCGUUAAGUUGG-AUGUG-AAAGCCCCGGGCUCAACCUGGGA-ACUIG:CAUCCA
Ne_008268/1-1518 CGUGCCAGCAGCCGCGGUAAUACGUAG- - - - - GGUGCAAGCGUUGUCCGGAAUUACUGGGCGUAAA-GAGUUCGUAGGCGGU - UUGUCGCGUCGU-UUGUG - AAAACUCACAGCUCAACUGUGAG-CCUGICAGGCG
NC_008752/1-1529 CGUGCCAGCAGCCGCGGUAAUACGUAG - - - - - GGUGCAAGCGUUAAUCGGAAUUACUGGGCGUAAA-GCGUGCGCAGGCGGU-GAUGUAAGACAG-AUGUG-AAAUCCCCGGGCUCAACCUGGGA-ACU:G:CAUUUG
NC_00875%/1-1599 CGUGCCAGCAGCCGCGGUAAUACGGAG- - - - - GGUGCGAGCGUUAAUCGGAAUCACUGGGCGUAAA-GCGCACGUAGGCUGEC - UUGGUAAGUCAG-GGGUG-AAAGCCCGCGGCUCAACCGCGGA-AUU:G:CCUUUG
NC_007712/1-1592 CGUGCCAGCAGCCGCGGUAAUACGGAG - - - - - GGUGCAAGCGUUAAUCGGAAUVUVACUGGGCGUAAA-GCGUACGCAGGLCGGU - CUGUUAAGUCAG-AUGUG«AAAUCCCCGGGCUUAACCUGGGA-ACUIG:CAUUUG
NC_008750/1-1543 CGUGCCAGCAGCCGCGGUAAUACGGAG- - - - - GGUCCGAGCGUUAAUCGGAAUUACUGGGCGUAAA-GCGUGCGCAGGLCGGU - UUGUUAAGCGAG- AUGUG - AAAGCCCUGGGCUCAACCUAGGA- AUAGICAUUUC
NC_008358/1-1455 CGUGCCAGCAGCCGCGGUAAUACGAAG - - - - - GGGGCUAGCGUUGUUCGGAAUUVACUGGGCGUAAA-GCGCACGUAGGCGGA - CUUUUAAGUCAG-GUGUG«AAAUCCCGAGGCUCAACCUCGGA~ACUIK'?:CAUUUG
NC_004088/1-1543 CGUGCCAGCAGCCGCGGUAAUACGGAG- - - - - GGUGCAAGCGUUAAUCGGAAUUACUGGGCGUAAA-GCGCACGCAGGLCGGU - UUGUUAAGUCAG-AUGUG-AAAUCCCCGCGCUUAACGUGGGA-ACU}G:CAUUUG
NC_007677/1-1590 CGUGCCAGCAGCCGCGGUAAUVACGGAG - - - - - GGUGCAAGCGUUGUCCGGAAUCACUGGGUGUAAA-GGGUGUGCAGGCGGG-GCAGCAAGUCGG-AUGUG-AAACCCCAUGGCUUAACCAUGGA-GGUI‘S:CAUUCG
NC_003047/1-1985 CGUGCCAGCAGCCGCGGUAAUACGAAG - - - - - GGGGCUAGCGUUGUUCGGAAUUACUGGGCGUAAA-GCGCACGUAGGCGGA - UUGUUAAGUGAG-GGGUG-AAAUCCCAGGGCUCAACCCUGGA-ACU:G:CCUUUC
NC_005957/1-1552 CGUGCCAGCAGCCGCGGUAAUACGUAG - - - - - GUGGCAAGCGUUAUCCGGAAUVUAUUGGGCGUAAA-GCGCGCGLCAGGUGGU - UUCUUAAGUCUG - AUGUG - AAAGCCCACGGCUCAACCGUGGA-GGGUCAUUGE
NC_005956/1-1988 CGUGCCAGCAGCCGCGGUAAUACGAAG - - - - - GGGGCUAGCGUUGUUCGGAUUUACUGGGCGUAAA-GCGCAUGUAGGCGGA- UAUUUAAGUCAG- AGGUG - AAAUCCCAGGGCUCAACCCUGGA- ACUBICCULUG il
secondary structure - < _ > - > . = .1 . { - R -0- 0 P - < L2 .- < _ > Lk
reference positions cGUGcc AGCAGeccGCGGUAAUACggaG . . . . . GgggCaaGCGuugucCGGAAUUACUGGGLCGUAAA . GaGeglCGeAgGeGGe .cecgecAaGuegg.gqubeg . AAAUuccecggGeUuAACceggga.AacgCaccceg
Consensus
CGUGCCAGCAGCCGCGGUA - - -GGUGCAAGCGUUAUUCGGAAUUACUGGGCGUAAA-GCGCGCOGUAGGCGGU - UUGUUAAGUCAGUAUGUG - AAAUCCCCGGGCUCAACCUGGGA- ACUGCAUUUG
<
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OPEN @ ACCESS Freely available online @ PLoS one

Gut Microbiota in Human Adults with Type 2 Diabetes
Differs from Non-Diabetic Adults

Nadja Larsen'*, Finn K. Vogensen', Frans W. J. van den Berg', Dennis Sandris Nielsen', Anne Sofie
Andreasen?, Bente K. Pedersen?, Waleed Abu Al-Soud?, Soren J. Sorensen?, Lars H. Hansen®, Mogens
Jakobsen'

1 Department of Food Science, University of Copenhagen, Frederiksberg, Denmark, 2 Department of Infectious Diseases and CMRC, University Hospital Rigshospitalet,
Copenhagen, Denmark, 3 Department of Biology, University of Copenhagen, Copenhagen, Denmark

The proportions of phylum Firmicutes and class Clostridia were significantly

reduced in the diabetic group compared to the control group (P = 0.03).




Sequencing RNA



RNA Applications

MRNA Sequencing (RefSeq, RNASeq)
microRNA Sequencing
RNA-IP-Sequencing

CLIP or HITS-CLIP or PAR-CLIP
Ribosome Profiling



Advantages of RNA-Seq

Digital gene expression

— Simply count the number of reads for a given
transcript

Greater dynamic range

No hybridization bias

Not dependent on known content
Generate alternative splice/exon usage
|dentify variants

Allele Specific Expression

|dentify RNA editing
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RNA-Seq Library Prep

Total RNA Total RNA
Mix/65°C/25°C

[TTTTTTTTTTTTTI gacctgcttctgggtcgggg
[TTTTTTTTTTTTT] gacctgcttctgggtcggag 28S
| I|I|I|I|I|I|I|I|I|I|I|I|I|I| : gcggctttggtgactctaga
gcggctttggtgactctaga 18S
‘|||||||||||||||
GCAUCAUGUACU
2w
AAAAAAA
@ TTTTTTTTTTITT X2 lincRNA
AAAAAAAAAAAA
GCAUCAUGUACU Fragment
v
AAAAAAA
RARAAAA VA

Random Priming
to make cDNA

v

— Sequence ready library

Random Priming to make cDNA



Degraded RNA (FFPE)
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lRNAse H digestion

l DNAse digestion
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From Li et al., 2014 Nat. Biotech.32:915



mRNA-cSeq

a b
2x poly (A) RPKM RPKM
selection Brain 0.0 0.0
Liver 0.0 0.0
S— 25-bp
Add standards reads
and shatter RNA Muscle 05 i l 50.1
Make cDNA
and sequence Muscle splices
Map 25-bp tags RNA-Seq L i
onto genome graph - 5
' o 1 Myfe
- L 1 ‘ Conservation
25-bp h“..: T Muu|ll‘| ‘.um -LI A l Al
Calculate splioos Uniquely mappable
transcript Repeating elements by RereatMaskar
prevalence Mycem w w Il HEL LI oo I
Conservation m.  _ == _ium 20 kb
e— s Uniquely map. seess sss——— 0 < >

2 RPKM 1 RPKM 1 RPKM RepeatMasker =

Mortazavi et al., Nature Methods 5:7:621 (2008)



Digital Gene Expression

« Caveat?
AAAAAAAAA
Gene 1 has 9 reads Gene 1 would appear to be expressed at

Gene 2 has 3 reads 3X the amount of Gene 2



Digital Gene Expression

« Caveat?

Gene 1 has 9 reads
Gene 2 has 3 reads

Gene 1is 9kb
Gene 2 is 3kb

Normalize by length
e.g. 9reads/9kb=1



RPKM: reads per kilobase of exon model per million
mapped reads

FPKM: fragment of reads per kilobase of exon model
per million mapped reads (usually 25bp fragments).
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Keratin 8

Amplification Curves

7965| Sample FPKM Values
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Fluorescence (483-533)

Lipase Maturation Factor 1 (Lmf1)

Amplification Curves
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Fluorescence (483-533)

Lysophosphatidic acid receptor 3

Amplification Curves
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Exon 16 of Ncapg

Sequence L d TTCAATAGGACTAATCAGGAGTGCTTTGAAGAAGCCTTTATTCCAACTGTGCAAACACTGGCCAATGCCCCAGTGTCATCTCCTTTAGCTGAAGTAGATGTCACAAATGTTGTTGAATTGCTTGTTGATCTGACAAGACCAAGTAGA
R T N'OQO EFC FIE EJA FRID PIT VIO TIE AINNAMP VESY SIP LA EVM DIV TIN VIV ETEI LIV DIE T IR P ISH R
lefseq genes
Neapg
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T-C mutation resulting in a Val-Ala change in the protein



DNIIR

WT

Sequence Confirmation of Ncapg mutation

*
CAATGCCCCAGCGTCATCTCC

CAATGCCCCAGTGTCATCTCC

T>C mutation resulting in an Ala>Val change at
position aa784 in the protein. The other
mutations were a polymorphic T>C change at
aa242 and an A>G change at aa347 resulting in a
non-synonymous change from Arg>Lys.



Alternative Exon Usage




Alternative splicing
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Sequencing Depth v. Biological Replicates

A edgeR #DE genes vs. Reps vs. Reads, FDR 0.01 b DESeq #DE genes vs. Reps vs. Reads, FDR 0.05

Number of DE genes

10 15 20 25 30 10 15 20
Number of Reads(M) Number of Reads(M)

Liu, Y., Zhou, J., and White, KP. 2013. Bioinformatics 30:3:301



ROC curves with Replicates v. Depth
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ROC curve for 6 Replicates
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Williams AG, Thomas S., Wyman SL., Holloway AH. 2014.
Curr Prot Human Genet 11.13.1
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Recommendations

1. Biological replication is important
— The more you can afford the better your data

2. Increasing read depth does not substitute for
Increasing replicates

3. The type of experiment matters

— Cell lines or inbred strains vs. outbred populations
(humans for example).



Summary

Several different platforms exist utilizing different
technologies.

Generate between 500 million to 600 Billion bases of
sequence information per run.

Several applications including Whole genome
sequencing, Targeted genomic seq., ChIP-Seq and
MRNA-Seq, among others.

Data files are very large 21Tb of information.

Personalized medicine via genome sequencing is
HERE.



