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Nullius In Verba

Don’t Believe a Word of It!



[oBepsii, HO NPOBEPSIN.

Trust

Then VERIFY!



SOLID Applications Performed at the
PSU Genome Facility

 Whole Genome
 ChIP-Seq
e Transcriptome

« Small RNA

 Degradome

* RIP - RNA Immunoprecipitation
* Future: SAGE

« Multiplexing



Quality and Quantity

* Qubit

« Agilent Bioanalyzer

NOT the NanoDrop!



Sample Triage

Customer brings in a sample — Nanodrop Concentration

RNA dsDNA

o Nanodrop concentration 2
Amount by Qubit

Bioanalyzer If less than 50%  If greater than 50% dsDNA
/ Poor Quality Lot
\ Return to Customer

Proceed




Agilent 2100 Bioanalyzer Chips

RNA 6000 Nano

RNA 6000 Nano

RNA 6000 Pico

RNA 6000 Pico

Small RNA Kit

total RNA Kit mRNA Kit total RNA Kit mRNA Kit
Analytical Specifications
o a 50-2000 pagfuL
%‘:]a'::'tat""e 25-500 ng/ul 25-250 ng/ul ; . of purified
g miRNA in water
. o _ . _ 50-2000 pa/ul
?at:lfggatwe 5-500 ng/uL 25-250 ng/uL fw[;tg?nn pg/uL in gg?ul_ljﬁﬂnsuater c:f_ purif_ied
mIEMNA In water
e : 250 pgfuL in .
Sensitivity . - 50 pag/uL in water 50 pagfuL in
(S/N>3) 5 ng/uL in water 25 ng/uL in water 200 pg/uL in TE water e

S00 pgf/uL in TE




Preparation of whele transcriptome RNA Preparation of small RNA

05-1 ug rRNA- deplefed tobal RHA or pob{&) RHA Obtzintotal RHA then determine the guaily
Fragmenk the RHNA Fuifyfenrich small R N& i necess any
Clean up e RNA Quardtate small RHA sarlple and determine input amount

SOLID™ amplified library construction
Hybridize and igate the RNA adaplers ower night

Perfomm rewerse brans o ipbon

Pty fhve cDHA

Sime seledt fe cONA
AmplEy the cDHA
Pwﬁ-thmﬂh‘ied DMNA

Aesess thevield and size dubibution of the ampiied DNA

+
SOLID™ System templated bead preparation and sequencing



Small RNA ~18-40 nucleotides in length

*MicroRNA (miRNA) ~20-22
short interfering RNA (siRNA) ~20-25
*piwi-interacting RNA (piRNA) ~26-31

*sIRNA RNA (rasiRNA) ~24-29
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Suggested
Equipment??
Procedures??

Don’t Argue!
BUY IT!



Small RNA

Before Flash Gel

-

After Flash Gel
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SREK Protocol

Flash Page
Small BNAS Adantor Mix A or B Adaptors determine orientation
- NNNNN 5’monophosphate intact
— 4
o T MRNA(5’cap) excluded

Caveats for plant and C. elegans

Hybridization/Ligation (2 hr)
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Reversa Transcription and RNase H Digestion (1 hr)

RNASE RNA from cDNA duplexes

VIR SURR MNMMN -

v

cOMA

Small RNA Library Amplification {1-1.5 hr)

PCR Primer

15 to 18 cycles

Harcode 105 to 150 bases

PCR Primear

Sequence 1 x 10E6 to 5 x 10E7 to get from 100 to
200 different microRNA families.



Whole Transcriptome Library Preparation Example

PolyA + RMA — Ribosome Depleted
CAP

l Fragment to ~50-100 nt

Pico-RNA Chip

SREK Protocol

Can retain Strandedness

AAAAAAAMA

RNAse



Clean up and size select

Clean up and amplify

Region of the gel to excise



Transcriptome Preparation

[FL] 2
60|
50|
40|
30

1 |

=T T =l T T T Telioe]
15 100 200 300 400 700 1500 [bp]

[FU] 2 - 66deg

104
0 L.___
TTT T T T T T T T 1T T

[Lp]

cDNA profile after varying temperature






Clean up and proceed to ePCR

Bead enrichment . .
Emulsion PCR Enrichment




Table 2 Comparison of cDNA-tags assigned to major reference genomes using two
sequencing methods

hu;:?:;;:f::es MNumber of mRNA- MNumber of genes MNumber of genes
Reference b tags assigned® covered? significantly regulated®
genome
Genomes*
454 SOLiD 454 SOLiD 454 SOLiD 454 SOLiD
Rosei 4517 4387 8249 751766 2087 4249 40 2013
SyneA + SyneB 5622 4444 4425 309113 1532 4271 22 2274
Cab 3285 2850 1439 193996 473 2779 3 1782
G5B 2775 2775 1062 274210 475 2553 1708
Sum of above 16199 14456 15175 1529085 4567 13852 71 7777

a. Genome abbreviations. Rosei, Roseiflexus sp. RS-1; SyneA, Synechococcus sp.
strain A; SyneB, Synechococcus sp. strain B’; Cab, Candidatus
Chloracidobacterium thermophilum; GSB, a Chiorobiales species.

Table 3 Summary of cDNA-tags sequenced using SOLiID technology

Sunset Pre-dawn Morning, low light Morning, high light
21:00h 05:15h 06:40 h 08:40 h
Total ¢cDNA, 22,874,860 20,434,931 19,073,009 20,247,518
scquences
i 12,520,192 10,840,071 9,974,349 10,574,300
Total mapped | (54.7%) (53.0%) (52.3%) (52.2%)
Mapped to 743,902 318,205 477,362 1,057,433
cps® (5.9%) (2.9%) (4.8%) (10.0%)
Uniquely mapped to 623,239 261,838 393,655 883,799
cps® (5.0%) (2.4%) (3.9%) (8.4%)

a. Percentage of total cDNA-tags
b. Percentage of total mapped cDNA-tags




Degradome

Procedure for uncapped mRNA

Degraded RNA
miRNA hairpin processing

Accumulations of siRNA precursors

Basically SREK protocol but without
FlashPAGE

'''''''''
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Sliced microRNA targets and precise loop-first
processing of MIR3719 hairpins revealed by analysis
of the Physcomitrella patens degradome

CHARLES ADDO-QUAYE,™ 10 ANN SNYDER, ™ YONG BUM PARK,"™ YONG-FANG L1,°
RAMAMNJULL SUNKAR,” amd MICHAEL J. AXTELL"

Huwk Iretdes. of ther Life Soences, Peonsyheanin Sate Univera®y Uinhversity Parck, Perrsybeania 168002, LSA

& ering, Perrmylvania State Lnnas st L, Piennndvaeng T6B0E, LiSA
ia State Linwersity, Univiesiny Pang, Penngyls 15 1454,
n. Pennsylvania Sase U 1y, Universay Park, Penngylvanda 16800, LSA
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ABSTRACT

Expression profiling of the 3' ends of uncapped mBNAs [“degradome” sequencing! can be wsed o empirically catalog
microRNA [miksA) fargets, fo probe patterns of miRMA hairpin processing, fo examine mRMA decay, and to analyze
accumulativn of endogenous short interfering RNA (SIRNA) prec % Wi sy ed ard analyred the degradome of the moss
Physcomifrellry pafens, an important model system for functional genomic analyses in plant evolution. A todal of 52 target
mBMNAs of 27 different Physcomitrells miBSA families were idemtified. Many targets of both more conserved and less conserved
miR™A families encoded putative regulatory proteins. Remnants of MIENA haingin processing alse populated the degradome
data and indicated an unusual “loop-first” mode of precise processing for the AAIRTTS gene family. Precise loopsfirst processing
was confirmed for native Physcomitrelia, rice, and Arabidopsis MIRTT? hainpins, as well as an Arabidopsis artificial MIRNA
(M IRMA) based upon a MIRTTY backbone. MIETTS is thus a2 conserved exception to the general rule of leop:Llst procesing of
MIRMA hairpins. Loop-first MIZTT9 processing may contribute to the high efficacy of a widely used MIES 7 %based strategy for
2IRMA production in plands.

Eeywords: microRMA; uncapped miRAs; plants; Plyscomifrella; gennmics; second-genesation sequencing
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RIP- Equivalent of ChIP-Seq
RNAs and nc RNAs

Cantral Traated
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Remove crosslinks and denature

l

Follow Transcriptome Protocol

l

RNAse - ~ 100 bp

l

Hybridize and Ligate adaptors

l

RT to get cDNA

l

Size-Select 100 - 150 bp

l

Amplify and quantify






3" SAGE Library Preparation Workflow Example
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CAGE Library Preparation Workflow Example

[ AAAAARANA polyA RNA isolated by

CAP trapping
TTITTTITT
v RT with Oligo dT
- ARARARAAN
TTTTTTTITTT
P2 Linker with

Mme1 site. second
strand synthesis

P2z  Mme
Mmea1 Digestion
Pz Mme v
Ligate P41 Primer
v
P2z Mme P

i



Multiplexing -- Barcodes

Barcode 1 57 GGGCTTAGAGAATGAGGAACCCGGGGCAGTT 37 Length: 50
“ " NERRA RN AR R RRRRRRRRRRRRRRAY
0032 3 CCCGAATCTCTTACTCOTTGGGCCCCGTC 5° Length: 48
\Library Amplification Design
Multiplex Multiplex P2 Adaptor
Library PCR Primer 1 (ss) Sheared DNA (ds) (ds)
(41 bp) (60— 110 bp) (50/48 bp)
I
———
Multiplex ] .
P1 Adaptor {ds) Library PCR Primer 2 (ss)
(23125 bp) {21 bp)




Multiplex Analysis Enables Simpler Workflow:
Save Labor, Time, $

Libraries ePCR Enrichment Deposition
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Barcoded Transcriptome Samples

Standard 34,593 856
Dark AMaerobic 34,204 786
Dark O3 15,512,068
Air (low CO3) 26,940 TO5
Glycerol 22194 244
| Highlight 15,342 005
; oDo4 26,488 336
oD1.0 39,063,718
oD3.0 25,691 541
8] B 20,220,020
229C 20 868 989
30C 25,094 301
Glyceral dark 25788 734
MN-deprived 26 430 653




bcB20_02
Subtotals
bcB20_08
Subtotals
bcB20_01
Subtotals
bcB20_06
Subtotals
bcB20_03
Subtotals
bcB20_05
Subtotals
bcB20_07
Subtotals
bcB20_04
Subtotals

Barcode

29623690
29623690
32073199
32073199
31190566
31190566
22166492
22166492
26252079
26252079
34222321
34222321
37031380
37031380
28681842
28681842

0 Mismatches

oo 00 oo g oo oo o8l a

1 Mismatch

29623690
29623690
32073199
32073199
31190566
31190566
22166492
22166492
26252079
26252078
34222321
34222321
37031380
37031380
28681842
28681842



SOIlID Metamorphoses

v2.0 150 million mappable reads
v3.0 280 million

v3.5 375 million

v4.0 700 million

HQ 3x v4.0

V2.0 35 bases
V3.0 50 bases
HQ 75 bases




Delta Rn

gPCR

Used to normalize multiplexed samples before ePCR

Tagman Kit only amplifies dsDNA with primer sequences.

1.0e+001

1.0e+000

1.0e-001 |f

Delta Bnvs Cycle

1.0e-002

(1

1 2 3 4 & & ¥ 8 9 1041 12 18 14 18 16 1y 18 1 20 2 26 25 26 25 25 2y 2 2t & & 22 835 & 5 36 97 28 2 40



Analysis

High Level Labs
Galaxy
“Plug and Play”

AB Software Bioscope



-. Galaxy

Tools

Send Data

ENCODE Tools

Lift-Over

Text Manipulation
Convert Formats

FASTA manipulation
Filter and Sort

Join, Subtract and Group
Extract Features

Fetch Sequences

Fetch Alignments

Get Genomic Scores
Operate on Genomic Intervals
Statistics

Graph/Display Data
Regional Variation
Multiple regression
Evolution

Metagenomic analyses
EMBOSS

NGS TOOLBOX BETA

NGS: QC and manipulation
NGS: Mapping

NGS: SAM Tools

NGS: Peak Calling

Analyze Data  Workflow  Data Librarles  Help  User

Here is what's happening... s sory Detions

(VG
Unnamed history

€ Your history is empty. Click 'Get
Data’ on the left pane to start

Galaxy Pages

A new standard for reproducible
research

Access or analyze Southern African Genomes through Galaxy!

Timeline for upcoming Quickies

» Mar 5 - Manipulating fastq with Calaxy
* Mar 22 - Mapping of 454 reads with lastZ

Live Quickies

Numina mapping:
Single Ends

lllumina mapping:
ed Ends

The Galaxy team is a part of BX at Penn State.

This project is supported in part by NSF, NHGRI, The Huck Institutes of the
Life Sciences, and The Institute for CyberScience at Penn State.

Galaxy build: $Rev 1733:a4214de3752e$

PSU’s Anton Nekrutenko’s Galaxy site at
http://usegalaxy.org




Mapping SOLID
reads

A single-end example




Galaxy Sample Tracking System

Anton Nekurtenko

Ramkrishna Chakrabarty

Dept of Biochemistry and Molecular Biology
Penn State University



Create a Sequencing Request

1. Admin tab
2. Manage Requests link

3. Create new request button

4. Fill request form & Add samples
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Thanks to:

The Huck Institutes of the Life Sciences
Lloyd and Dorothy Huck

And the others in the lab...




