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Roche 454 - Overview

Throughput

* 400 Mb
(~8 hrs runtime)

Read-length

* up to 400 bp
* Paired ends libraries — 8kb
» 700-1000bp with upgrade

Costs per Megabase
~$15-$25

Applications

» De Novo Sequencing, Resequencing,
*Transcriptome Analysis,
* Metagenomics & Microbial Diversity




Tllumina - Overview

~Genome AnalyzeP1

Throughput

* Up to 600 Gb per run
(3 — 14 days runtime)

Read-length

* 100 bp
* >120 bp demonstrated

* paired ends libraries — 200bp
*paired end libraries — 8 kb R&D

Costs per MegaBase

~ $0.05-$0.75

Applications

* Resequencing, SNP Discovery
* De Novo , Transcriptome
* Methylation Patterns




PacBio SMRT - Overview

Throughput

* Up to 60 Mb per chip
(30 - 45 minutes runtime)
* human genome in 30 min in FY12

Read-length

PACIFIC n, | - 1500 bp.....10000 b
BlSC'ENCES' s i . Standa‘:d —long reapd

» Consensus — proof reading
* Strobe — multiple reads

A
Q - Costs per MegaBase

$2.5-$5.0

Applications

» De Novo Sequencing, Resequencing,
*Transcriptome Analysis,
* Metagenomics & Microbial Diversity




Ion Torrent- Overview

Throughput

* Up to 100 Mb per run
(2 hr run time)

Read-length

* 200 bp

SRR g Costs per MegaBase
: D /oo 2$5-$20°?

Hydrogen ion
is released

Applications

*De Novo Sequencing
*‘Resequencing
*SNP Discovery
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$0.75 2.
MiSeq PacBio

HiSeq 2000

Slide courtesy of F. Chen




Early access and partnering =
improvement above the norm

TV f. i
Quality ; GAl 2x150 s '
— (Q20 to ~130' bp) [N
Scores .

HiSeq v2 2x150 F
(Q20 to ~113 bp)

HiSeq v3 2x150
(Q20 to ~133 bp)

Phred Scare




Hard stops are no problem with
PacBio

X Aligned Reads

File HNavigate Info Color Din Hisc Sort

PPP.fasta.screen.ace.d47 Contiglll Sone  Tags| Pos: B

Search for String| Compl Cont| Conpare Cont| Find Main Win| Err/10kb:|

4,4 ,410 4,4

| I I | IIIIIIIIIIIlllllllllllllllllll
GLGTTGCCCTTGATCGGGTAAL CAACCTGAAGGCTGATTTGTGGTCT TGA

GGGTTGCCCTTGATCGGGTARCAGGCARCCTGARAGGCTGATTTGTGGTCT TGAGGTAGGGGCCGETGTGEGGLCCT TCGCGLGET TGECCHGETeC) gtocoigogCtty ctgt,
GGGTTGCCCTTGATCGEGTAACAGGCAACCTGARGGCTGATTTGTGGTCT TGAGGTAGGGGCCGCTGTGCGGCCCTTCGLGEECTTGLCE*geteceaeaggticigeacttgacctat]
gggttgc:Dttgatcgggtaacaggcaa:Dtgaagg:tgatttgtggtcttgaggtaggggc:gctgtgcggcc:ttcgDggg:ttg:Dc*gctc:Dacaggta:agcgcttgacctgtgggagcgggcaagc
tgcccttgate: taacaggcaacctgaaggctgatttgtggtcttgaggta: gccgetgtgcggeccttogeggacttgeccogotecccacaggtacagegettgacety gcaagcccgogaagggctgcacageageccccaatecgaggaaactgaatgaaagegettttggeoecgtgacggeoete
B GGBETGEQERGCQGEEECEQQTEBQGGﬂQQCTGﬂﬁTBQRQBEGETTTTGGCCGTGQEBGEEET[
nn
GGGTTGCCCTTGATCGGGTARCAGGCARCCTGARAGGCTGATTTGTGGTCT TGAGGTAGGGGCEGC LS NNNNNNNNNNANANANPKNNNANANNNNNNANNNNANANANNNNANANANNNNNNANNNNANNANANRNNNANANARNAN
GGGTTGCCCTTGATCGGGTAACAGGCAACCTGAARGGCTGATTTGTGGTCT TGAGGTAGGGGCCGLTGTGEg N nnn
g:gtaggc:tg:QCAGCHGCCCCCQATCGAGGQQACTGAQTGAQQGCGETTTTGGCCGTGQEGGCCCTE
atacgAagegcTGCACAGCAGCCCCCARTCGAGGARRCTGAATGARAGCGCTTTTGGLCGTGACGGLCLTE
aaGGGeEGCACAGCAGCCCCCARTEGAGGARAC TGARTGARAGCGCTTTTGGCCGTGACGGCCCTE
Cl 2aGGGCTGCACAGCAGCCCCCAATCGAGGARACTGAATGAARGCGCTTTTGGCCGTGACGGCELTE
cCcCGCGARGGGCTGCACAGCAGCCCCCARTCGAGGARACTGARTGARAGCGCTTTTGECCGTGACGELCCTE
nNNNNANNNNANNNAN NNNNNANNNNNNNNANNANANANANNANNANAT NNNNNNNNNY INNNNNNNNNNANNRNNNANNNNT nnNNNNNNN; 2aGGGCTGCACAGCAGCCCCCAATCGAGGARACTGAATGAARGCGCTTTTGGCCGTGACGGCELTE
nnNNRAAANANNF nn NANNNNANNRRNNANNNNANNNF S TRIRlRlelalEIe o c GARGGGC TGCACAGCAGCCCCCARTCGAGGARRCTGAATGARAGCGCTTTTGGCCGTGACGELCCTE

i lalalslalalalalal) nnn
GGGTTGCEETTGQTCGBBTQQEQGGEﬁAECTGQQGGETBﬁTTTGTGBTCTTGQGBTQGBBGEE

GARAGCGCTTTTGGCCGTGACGGLCCTE
GARAGCGCTTTTGGCCGTGACGGCCETE

lcaagcccacgaaggacTECACAGCAGEcEecaaTCGabbaaaCtgaatgaaagl
latcg aaactgaatgaaagcgettttggoegtgacggeecte
GARAGCGCTTTTGGECGTGACGGECCTE

-
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cccttcgcgggcttgcccgctcccacaggtacagcgcttgacctgtgggagcgggcaagcccgcgaaggg

=
hairpin
loop

|
30bp long 30bp long

An example of a sequence that creates a hairpin loop in the secondary structure
which has been very difficult to complete when sequencing a genome.

Shown in the sequences above,
only the PacBio read (underlined in red) goes through the hard stop region.

lllumina, 454, and Sanger (PCR) reads didn’t.




ok-for NGS pr'o JZCTS

m

L\l'”

|
Il
“H‘

|

. I have a sample =now what2
— - Metadata - or the sequenhce means little..

5 * -\DNA extraction methods (biases), quantity
considerations for library (voluméyof sample),
spatial structure considerations, etc.

—f - Library prep and sequencing - what technology?
e Cost and pros vs cons...
~ - How 'tuch do.I sequence?<Cost and @bility to

— " analyze..
= What method with the chosen plarform?

(paired end, long inserts)




P aé?yéo k f or-NGS pro Jecfs (con‘r d)-
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I have data - now what? ——
- Analysis plan? (ie. Experimental design)

- E.g. Reads vs contig/gene-based?
- "Much depends on previous considerations...

i
.
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-* What depihpissneeded. to. achieve goal?

> who is there, what are they doing, how?

- phylegenetic and functional diversity?

—~population genetics, selectiongl@tenral geneliransfer?

Camywe even process the data? How/fast?

(O
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g outpacing informatics
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= input reads for assembling 10M/40 3Mbp 2 27M/O 93Gbp
= = [Computer Cluster Specs Time  |Size |Parameters|

Illumina Head Node x 1: Intel Xeon L5410 / Quad Core Processors / 2.33GHz x 2,

16GB System Memory, 70 GB for OS, 1 TB RAID 1 Storage blastall -CF -b 1
reads Compute Node x 46: Intel Xeon E5420 / Quad Core Processors / 2.5GHz -FF-a8-p
blastn x 2, 16GB System Memory, 1 TB Raid 1 Storage (compute nodes are blastn -W 7 -m
vs NT diskless) 9 days 1.6GB |8

‘\

i

|

-F"m S" -e 100
i 10.fasta -a 2 -
81GB |[o 10.blastx

(@Forsyth Inst.

blastx 2.26GHz x 2, 16 GB DDR3 1066 Mhz ECC Registered System Memory,
NR 160 GB SATA II 7200 RPM RE Rated Hard Drive

454 Ti Status

>800 bp: ab initio gene calling
300-800 bp: BlastX + ab initio

<300 bp: BlastX

< 80 bp: Not processed Illumina Status:

20 million reads
1 Million reads / day / 320 cores /1 hr / 320-¢cores

Collaborating with hardware companies and HPC, GPUs, FPGA, ete.

Head Node x 1: Intel Xeon E5520 / Quad Core Processors / 2.26GHz x 2,
Illumina 32GB DDR3 1066 Mhz ECC Registered System Memory, 1 TB Raid 1 for blastall -p blastx
E 0S, 19.8 TB RAID 6 Storage -dnr-wW2-Q11
8 reads Compute Node x 21: Intel Xeon E5520 / Quad Core Processors /
28 days |2

I
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Pu’r’rmg a_few h
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good use
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- Genomics

-’ De novo and re-sequencing of |sola‘res and
- near neighbors
_ Metagenomics

- 16S'and shotgun

L Mifute quantities“of DNA an |
Single -cell genomics

TranSeriptomics (RNAseq)
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Improvement in Number,of Contigs
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¥ Current
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Improvement in Number.of Scaffolds
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=Pro Jecfs Under'way

Assembly Size Total
Quality (Mbp) Scatfolds Contigs

Sequenced

I

Improved

Nannochloris sp. Yes HO Draft 15.2 39 S8
, ra

Improved

Chlorella protothecoides Yes 214
Draft

Chrysochromulina sp. Yes Std. Draft 75.9 N.D. 55838

= . . Improved
Nannochloropszs salina Yes 29.4 225 1117
Draft

DOEQ043 " DOE0088 DOEO101
»

Tetraselmis sp.
LANLI1001 ,\&g Q

Algae sp. DOE101 .& “']Q.;}/}a.\
Algae sp. DOE1412 DOEO1ss __  DOE0152 DOE0202

‘,ﬁ_}.{é

e Bt f72,
. o :‘ > ;‘ Pf:.:-
Algae sp. Phycall228 3 J"‘_;\ p: :

In process

.

o,
2 ok

g 54
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* Teanscriptomes (RNA- seq

— genomes - 130 .samples
= " Sequencings -/ Illumina¥enly

* Illumina (20) - Time coursesy varying
-7454 SE (4) conditions
- 454 PE (7)

- Sanger (2000)

_—~ . PacBig/(10) o® o
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Many.collaborators: Pete Lanimers (NMSU, Solix), -
Jian Xu (Qingdao Institute of BioEnergyand g
Bioprocess Teeh.), Judy Brown (U.Arizona), Tim
Devarenne (HAMEF=Sabeeha Merchant (UCLA),
Dick Sayre (NMC/LANL)

Near end of

4 dark phase
D115

12 helight/12 hr dark
Green = lipidbody; Red = Chloroplast




Bioreactor -Batch-Culture = N deprivation
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expression during N depletion

[lluminasean
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in tePms of genome
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Nex‘r-ngerahon ‘Sequencing has opened the
= met

egﬁloodgates (now >>300)|

762 | Termite hindgut, 62 Mbp Sange:

3,200 4 Avg. Metagenome project, 3Gbp [ltmina + 200 Mp 454
17,000

Cow rumen, 17 Gbp Illumina

Fhe nexisERaNénge: TerabfiSe scale

JGI Tb-challenge project pilots, ~100 Gbp

JGI Tb-challenge projeets, ~1 Tbp

Slide courtesy of P. Hugenholtz



enomics how common...

® Metagenome bases

(FY12 target)

® Bases per project
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Met %ﬂ‘\ mes tackled

(11111
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- - Projects ranging frem—1ane of Illumina 1x36bp to
454 +mlany lanes of®2x150bp or 2x100bp

Total bases for metagenomes by platform and type of data (FY20

L\l'”

= Il

~350 JGI metagenomes

~250 HMP metagenomes

Many others...

Current:

- M TB of RAM, 1000.cores*300TB of usable shar'ed
storage

= Additional 1TB of memory and 128 cores for the Single
System Image cluster

- Hadoop—=DISC" cluster, 420 cores, ~4206B—of memory,
~105TB of storage

- Applying for an additional=single system: 8 TB, 512 core
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Average coverage fold (x)

S5e+02 1e+03

S5e+01 1e+02

5e+00 1e+01

5e-01 1e+00

Do we need 10 sequence so deep?

Contigs average fold coverage vs. Contigs Length

Wetland sediment metagenome

Average fold: 19.01
Std: 10.17

53.7 Gb raw sequence

6.8% of reads assembled

153 Mb assembled contigs

T T T
40000 60000 80000 100000

Contig.Jength

T
120000

Issue:
2 lanes provide
minimal assembly
— need more data

2 lanes can barely
be assembled —
need less data
(or new
algorithms)




90000 80

. # of recruited sequences

80000 -
% genome covered
70000
- 60
60000 .
" - 50
50000 " ' ' ’ ' i ’ 8

" Only 7% of reads were recruited . - 40
40000 * (50 genomes used as reference)
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Upward of 20 % of reads map
when more references are

added...
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Peecent of reads that map tonow
>2500 HMP reference genomes

Stool SRS011061

>70->98%
reads mapped e

human GI

Saliva ~ SRS014692

== non human
~@ human non oral
human oral —+—non human

== human non oral

human oral

40-80% reads

————— mapped

0 500 1000 1500 2000 2500

Mid_vagina SRS015072

>80% reads
mapped o

human Ul

Anterior_nares SRS011105

~#—non human
~8~human non airways

human airways

<40% reads
mapped

Xie et al. In prep




0.25-10hrs
Analysis
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Read mapping
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Assembly and Blast

VS.

human

viral genomes
bacterial genomes




nd _characterization by
encing complex samples
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E tularensis » —— S ———

Unamplified:
Illumina 1,202,614 reads mapped (0.3% of total)

=18X coverage — strain ID based on SNP analysis
Francisella tularensis subsp tularensis FSC198
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2 Clinical Metagenomes

2 fecal mg@sﬁsuons prepped by U.—Columbia—{Lipkin)

genome mostly-Human with some=£. coli (0.8%

il

ID

Length

GGE

A

vg_fold

Base_Cover
age

= #Gap

Gap bases

)

# SN
IND

m
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il %T
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E. coli S88_chromosome
HENC=011742)

5032268

0.51

37.13

97.34

229

133817

2

MH‘II |
.

=S88 plasmid\pECOSS88

133853

0.49

60.32

98.04

2620

Ul
[y

Salmonella enterica
serovar Enteritidis
lasmid pB(NC_005002)

1983

0.57

517.4

u
(=]

o

TY-2482_pTY3

1549

14.96

Escheriéhia coli clonal groupf 045:K1, belongmg toZthe highly

virulentsubgeoup B2,
pS88 is a major virulence determinant circulating in human urosepsis and avian

pathogenic strains




quenced ma Jor'l‘l'y!

B GEBA genomes
B Pre-GEBA genomes
] Organisms from the greengenes database

@ Organisms from the greengenes database
(excluding environmental samples)
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O 2 2 2 "
0 400 800 1,200

5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000
Number of organisms

Wu et al. 2009 Science
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64241 ldeo/‘rﬁl&lMCC 1722

HM269816 UncBacClo
KE461105 Burkholdariales 2F
EU753671 Unc Beta-Proteobacterium

V145571 BotS Ploteobacterium BP-5

h
ABS48582 E. coli JCM 24009
Q858220 S. marcescens

< Cellvibrio
UncBacClone
h12

b7R

7F
3879 Brevundimonas
782 Brevundimonas
acClone
orphyrobacter
6 hyrobact

Novosphingobium
FJ437983 UncBacClone

e2

'e5
AMO90830 Hyphomonas

al
AF368186 UncCandidate Div. OP10
AB326355 Lactob. eig/us aviarius

52

AF287816 Lepiotrichia Oral Isolate
L= _FJ983040 UncBacClone Oral Plaque
GUS561366 Leptotrichia 100

AY887012 UncBacClone
AB540001 Bact;

e c1R
HM128667 UncBacClonog 1F

0 1 d5F
10 10 530/48 [488] L Avea7955 UncBacteroidetes

. Cegq ';60(% Sphingomonas
L 100 = _E4
FAC S AnalySlS: Av 005061 Ay oreiia Oral Strain
N

glR

03486 UncPirellula XZZLH77
162 UncPirellula XZELH73
176 Planctomyce

UncBacClone

el10
DQO017941 UncBacClone
AF445645 UncPlanciomycete
HM128701 UncBacClone
LE2_fq
FJ612343 UncBacClone
AJE75738 Ungverrucomicrobia
EF 188433 UncVerrucomicrobia
€ £1543073 UncVerrucomicrobia
AJ309733 Aquifex aeolicu.
L77117 Methanocaldococcus jannaschii DSM2661




y from: smgle cells

 Amplifica

L\l'”

+_Affects reeovery of genomic DNAm, typically 30-70% of
= genone can be*fecovered from a singlexcell

H’H:
\
|

029
debranching

Nature Biotechnology 24, 657 - 658 (2006)
Prochlorococcus
cell

o i J) )/ doi:10.1038/nbt0606-657
Chromosome /|

&

> Single-cell genomics
Clyde A Hutchison III & J Craig VenteEe

S1 nuclease
() digestion
A~
| \ /_
S’
Sequencing ()

DNA pol | nick
and assembly

translation and
cloning

T

Genome
sequence




from mampula’red cell

l"

N

‘h
—|‘

CO

lm
S
dll
%

HHH
\|’

» First, evaliated genom®Tecovery. from 13100 cells

100.00% -

- 10000000
erage fokd JJ!JJ

——Genome Coverage

—a—Bases of gaps

1000000

100000

Lo=et al. In prep.




recovery from man

ipulated cell

gDNA

100 cells

» First, evaliated genom®Tecovery. from 13100 cells

64 cells
10000000

fdle:

——Genome Coverage

—a—Bases of gaps
100 cells -

32 cells

r‘

16 cells
1000000

2

8 cells

=

4 cells

100000

2 cells

K

1 cell

Lo=et al. In prep.



covery from mampula’red cells

» First, evaliated genom®Tecovery from 13100 cells §

5 — Sert, MDA, sequence
— — Mare copies of genome = better coverage
* Indufing artificial polyploidy
— Tested FtsZ inhibitor'P€190723 on-Bacillus subtilis

£ Control DM SO Treated PC150723 Traated
4 . )

Cell size (um)

‘ I&treated Control , " PC190723

/
l/ 3.181391 um

PC197023 Control
1.713570 um

Dichosa, et al. Submitted



. Flrst evalhated Cenome T recovery from 13100 cells §
= — Sert, MDA, sequence

— More copies of genome = better coverage
* Indufing artificial polyploidy
— Teésted FtsZ inhibiteronBacillus subtilis

—+ Gel microdroplets for microcolonies

— Dilute; encapsulate, incubate, stainysort

= Can also be used to study microbial interactions!




Bu

—Tacklin

rkhelderia=work
James Tiedje
John LiPuma
Erick Cardenas

E. coli work

avid"Hirshberg
Ian LipKin
Sandy Gibbons
Nicole Rosenzweig

Shanmuga
Sozhamannan

Kim Bishop-Lilly
Pavid Norwood

— Tim Minogue

Nancy Strockbine

——Many others...
Metagenome work

Jim Tiedje

Titus Brown

Adina Howe

HMP consortium
Mihai Pop

Joe Zhou

Kostas Konstantinidis

Metagenomes-and NG5

—— —Metagenomics and Data

Analysis Team
Nick Beckloff—
Tracey Freitas
Ron Croonenberg
Bin Hu

Chien-Chi Lo
Kuan-Liang Liu
Matt Scholz
Shawn Starkenburg
Gary Xie

Others...

Informatics Team

Ben Allen
Andy Seirp
Roxanne Tapia
Yan Xu

Todd Yilk

Single cell work

— Roger Lasken And many 4

REVNINIEN
Stepanaskus

Steve Hallam

Wet-lab Team
Cheryl Gleasner
Kim McMurry =
Krista Reitenga

Xiaohong Shen
Others...

Project Management
— Shannon Johnson
— Lynne Goodwin
— Others...

Kmer team
Joel. Berendzen
Nick Hengartner
Ben McMahon
Judith Cohn

others. ..

Einishing and

il

Olga Chertov=
Karen Davenpert
Armand Bichesa—
Michael Fitzsimons
Ahmet Zeytun

Others...

Management Team

Chris Detter
David Bruce
Tracy Erkkila
Lance Green
Shunsheng Han






