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Certified Service Providers - Asia Pacific
Certified Applications Provided
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Expression Expression BB b L Lt SRR o Enrichment
labeling ULS
throughput
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The Chinese University of - 2 - 2 - 3
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Welgene Woelgene Biotech has implemented the complete Agilent microarray platform to ensure the best array experiment
Taipei, Taiwan quality. The array semrvice quality has certified by ISO17025. The key steps in the workflow include: Consult for
array experiment design, Capture cell by LCM, Extract DNA/RMNA for customer, Performs meDIP for customer,
Design Custom GE/CGH/CIP-on-chip array design, Analyze data with GeneSpring GX and DMNA Analytics.
Semnvices offered to customers in Taiwan and Hong Kong
B Genotypic 1echnology Pviid. + T T T = )
Hokkaido System Science Co  + + T + + i
Mational Yang Ming University  + +
% Welgene + + + + + +
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Microarray SNP QPCR Array NGS

OpenArray™ architecture

Agilent Technologies

3072 holes in each OpenArray
64 holes in each 8x8 subarray

.

33 nl total reaction

L) T lllumina Solexa
QPCR (Experiment is
. performed by
aw (VTR Fasteris or BGI)

T
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RNA Array

Gene Expression

Human Whole Genome Array 40,000 genes
Mouse Whole Genome Array 41,000 genes
Rat Whole Genome Array 41,000 genes

MIiRNA expression

Human rell4 miRNA Array
Mouse rell4 miRNA Array
Rat rel14 miRNA Array

Alternative Splicing
mm

Alternative =
Splicing \3 mRNA Human 4x180K 20,411 174,458 19,128 (56%) RefSeq Build 36.3, RSNM only

b 2x400K 27,696 233,164 26,873 (78%) RefSeq Build 36.3
B BT Ensembl Release 52

Unigene Build 216 (Apr 2009)
protein GenBank mRNA (Apr 2009)

Mouse 4x180K 23.215 165,984 19,203 (49%) RefSeq Build 37, RSNM only
2x400K 33,795 235,714 31,608 (80%) RefSeq Build 37
Ensembl Release 55

Unigene Build 176 (Apr 2009)

Translation

GenBank mRNA (Apr 2009)
RIKEN 3
Rat 4x180K 20,483 160,141 23,444 (50%) RefSeq Build 36.2, RSNM only i 1
. H\ =
2x400K 26,276 214,270 31,948 (72%) RefSeq Build 36.2 - t'a o= |
Ensembl Release 55 i B -

Unigene Build 177 (Oct 2008)
GenBank mRNA (Jan 2009)
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DNA Methylation

r acetylation

1 tai methylation

s 2B il

R ) ] wemin - Histone Modification
: a s H4 tail @ R "

) T Vil ylatlon

N @ phosphorylation

Normal diploid genome

IIII N\ Ameieaion - Copy Number Variation (CNV)

(HSR)
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SNP_Q-PCR Array System

AFA KRBT E (TagMan® assay )

OpenArray™ architecture

3072 holes in each OpenArray
64 holes in each 8x8 subarray

Hydrophobic
Outside Hydrophilic
Inside

T

33 nl total reaction

T volume fills each hole
a] 34 -FE SNP & Openarray plate :] EBE11 SEMo o TEERE
16 10 1278
32 10 646
64 20 874
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. Endocrinology, 2011 ;152(2) Insulin Up-Regulates Heme Oxygenase-1 Expression in 3T3-L1 Adipocytes via PI3-Kinase- and PKC-
Dependent Pathways and Heme Oxygenase-1-Associated MicroRNA Downregulation.

. Peptides. 2010 Jul;31(7):1262-72. Epub 2010 Apr 10. Antimicrobial peptide of an anti-lipopolysaccharide factor modulates of the
inflammatory response in RAW264.7 cells.

. Exp Cell Res. 2010 Apr 15;316(7):1119-26. Identification of the potential target genes of microRNA-146a induced by PMA treatment in
human microvascular endothelial cells.

. Vet Microbiol. 2010 Jan 25 A time-course study of gene responses of chicken granulosa cells to Salmonella Enteritidis infection.

. J Neurotrauma. 2009 Dec;26(12):2345-53.Profiling muscle-specific microRNA expression after peripheral denervation and reinnervation in
arat model.

. BMC Med Genomics. 2009 Aug 8;2:51 Hepatic inflammation mediated by hepatitis C virus core protein is ameliorated by blocking
complement activation.

. J Control Release. 2009 Nov 3;139(3):197-204. Epub 2009 Jul 18. Interactions between octaarginine and U-937 human macrophages: global
gene expression profiling, superoxide anion content, and cytokine production.

. BM C Bioinformatics 2009 ;17(10):85 Statistical identification of gene association by CID in application of constructing ER regulatory
network.

. Nucleic Acids Resear ch, 2009 ;37(10):e77 Labeled microRNA pull-down assay system: an experimental approach for high-throughput
identification of microRNA-target mRNAS.

. Breast Cancer: Basic and Clinical Research. 2008. Comparison and Identification of Estrogen-Receptor Related Gene Expression Profilesin
Breast Cancer of Different Ethnic Origins.

. BMC Genomics. 2008 ;29(9):109 Altered expression patterns of lipid metabolism genesin an anima model of HCV core-related, nonobese,
modest hepatic steatosis.

. JHum Genet. 2008;53:136-43 Gene dosage change of TPTE and BAGE2 and breakpoint analysis in Robertsonian Down syndrome.

. Oncogene. 2007 ;26(57):7859-71. Molecular Signatures of Metaplastic Carcinoma of Breast by Large-Scale Transcriptional Profiling:
Identification of Genes Potentially Related to Epithelial-Mesenchymal Transition.

. Oncol Rep. 2006 ;15(4):919-26. A homologue of the Drosophila headcase protein is anovel tumor marker for early-stage colorectal cancer.

. Fertility and Sterility 2006 ;86(6):1650-58, Identification of ten novel genesinvolved in human spermatogenesis by microarray analysis of
testicular tissue.

. Ann Surg Oncol. 2006 ;13(11):1474-84. A gene expression profile for vascular invasion can predict the recurrence after resection of
hepatocellular carcinoma: a microarray approach.

. Hepatogastroenterology. 2006 ;53(70):484-90. Distinct gene expression profilesin gastric epithelial cellg if HiRaki S -ate;:_l
of Helicobacter pylori--implication of bacteria and host interaction in gastric carcinogenesis. wj kﬁg tﬂg En%n BES&'\ =
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R

SNP+aCGH (LOH Analysis)
aCGH (copy number variation)
MeDIP-chip (DNA Methylation)
ChlIP-chip

MiRNA Expression

Y ‘ Gene+[LincRNA]array (Expression)
- - Exon array (Splicing Analysis)

Translation
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“EsEnE Non-coding RNA (ncRNA) Overview

Annotation of Non-Coding RNAs
tRNA
transfer RNA
A non-coding RNA (ncRNA) is a functional T
RNA molecule that is not translated into a transfer RNA located in the mitochondrial genome

protein. ...
rRNA

_ _ ribosomal RNA
Non-coding RNA genes include:

1.Highly abundant and functionally
important large RNAs (tRNA and rRNA)

scRNA
small cytoplasmic RNA

2. Small RNAs (snoRNA, microRNA, siRNA SNRNA
and piRNA) small nuclear RNA
3. Long ncRNAs (such as Xist and HOTAIR) snoRNA

small nucleolar RNA

miRNA
microRNA

misc_RNA
miscellaneous other RNA

lincRNA
Long non-coding RNAs
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«20~24 nt short single strand RNA
molecule

«Endogenous non-coding sequence

«Acting as trandation inhibitor by
degrading mRNA or blocking protein

B~ g Invitrogen

synthesis

mRNA degradation Translational regulation

MRNA

T amamaum 3

Qe

Common in plants Common in animals

Transcriptional regulation

Active chromatin

Histone methylation

**********

Silent chromatin

Common in yeast, plants,
and possibly animals
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Agilent mIRNA array

%
A.
B.
~ runcsed ~ | #Human rel14 miRNA Array
yoridization
o Y R T I 887 human miRNA
probe 2 G microarray surface
skt <{Mouse rell5 miRNA Array
o . interaction region . .
e L ERet T30 690+ mouse-relative miRNA
#
SRy st o 4Rat rel15 miRNA Array
S~ e,

Figure 1. Components of the Agilent miRNA microarray probe design. An unmodified microarray probe + I
[black] is a syntheszed sequence that hybridizes to the target miRNA jred). Probes are anchored to the 388 rat m I RNA

glass slide surface by a stilt (brown). A. Inclusion of a G residue (black) to the ' end of the hybridization
sequence complements the 3' end C residue (yellow) introduced in labeling. This additional G-C pairin
the probe-target interaction region stabilzes targeted miBMNAs relative to homologous BNAs. Additionally,
all probes contain a ' hairpin (blue), abutting the probe-target region, to increase target and size miBNA
specificity. B. Destabilization of probes that are too stable. For probes requiring it, reduction of

probe-target base-pairing is achieved through sequential elimination of base pairing from the &' end
of the miRMNA.
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Journal of Oncology
Volume 2010, Article [D 950201, 7 pages
doi:10.1155/2010/950201

Review Article
MicroRNAs as Novel Biomarkers for Breast Cancer

H. M. Heneghan, N. Miller, A. J. Lowery, K. J. Sweeney, and M. J. Kerin

Department of Surgery, Clinical Science Institute, National University of Ireland, Galway, Ireland

Correspondence should be addressed to H. M. Heneghan, helenheneghan@hotmail.com

Received 15 March 2009; Accepted 8 May 2009

Academic Editor: Ben Davidson

MiRNA &

\BLE 1: MiRNAs with altered expression in malignancy.

Tissue/tumor type

Increased expression

Decreased expression

Breast [26, 27]
Ovarian (28, 29]
Endometrial [30-32]

Glioblastoma [4, 25|

Chronic lymphocytic leukaemia [24]
Lymphoma [4, 11]

Colorectal [4, 11, 25]

Thyroid [4, 25]

Hepatocellular [4, 25]

Testicular [11]

Pancreatic [4, 11, 25]

Cholangiocarcinoma [25]
Prostate [11]

Gastric [4, 11, 25]

Lung [4, 11, 25]

miR-21, miR-29b-2

miR-141, miR-200(a-c),
miR-221

miR-103, miR-107, miR-185,
miR-205, miR-210, miR-449

miR-221, miR-21

miR-155, miR-17-92cluster
miR-10a, miR-17-92 cluster,
miR-20a, miR-24-1,
miR-29b-2, miR-31

miR-221, miR-222, miR-146,
miR-181b, miR-197, miR-346
miR-18, miR-224

miR-372, miR-373

miR-221, miR-376a, miR301,
miR-21, miR-24-2, miR-100,
miR-103-1,2, miR-107,
miR-125b-1

miR-21, miR-141, miR-200b
let-7d, miR-195, miR-203
miR-223, miR-21, miR-103-2
mir-17-92 cluster, miR-17-5p

miR-125b, miR-145 miR-10b,
miR-155, miR-17-5p, miR-27b
let-7f, miR-140, miR-145,
miR199a, miR-424

miR-99b, miR-152, miR-193,
miR-204, miR-221, let-7i
miR-181a, miR-181b,
miR-181c

miR-15, miR-16

miR-15a

miR-143, miR-145, let-7

miR-199a, miR-195,
miR-200a, miR-125a

miR-375

miR-128a
miR-218-2
let-7 family
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AH Lund*!

Cell Death and Differentiation (2010) 17, 209-214

© 2010 Macmillan Publishers Limited Al rights reserved 1350-9047/10 $32.00

e

www.nature.com/cdd

miR-10 in development and cancer

The microRNA (miRNA) miR-10 family has attracted attention because of its conservation and the position of the miR-10 genes
within the Hox clusters of developmental regulators. In several species, miR-10 is coexpressed with a set of Hox genes and has
heen found to regulate the translation of Hox transcripts. In addition, members of the miR-10 family are de-regulated in several
cancer forms. Aside from acting in translational repression, miR-10 was recently found to bind a group of transcripts containing
a terminal oligo-pyrimidine (TOP) motif and to induce their translation, thereby adding a new function to the miRNA repertoire.
Cell Death and Differentiation (2010) 17, 209-214; doi:10.1038/cdd.2009.58; published online 22 May 2009

Table 1 Deregulation of miR-10 family members in cancer

a

LB
HoxA gt
HoxB

HoxC

3

<
Transcriptional orientation

Cancer type

miR-10 family member

Regulation

References

Glioblastoma

Hepatocellular carcinomas

Pancreatic cancer

Colon cancer

Breast cancer (metastasis)

Acute myeloid leukaemia with NPM1 mutations
B-cell chronic lymphocytic leukaemia
Melanoma

Breast cancer

Chronic myeloid leukaemia

Acute myeloid leukaemia

miR-10a, miR-10b
miR-10a, miR-100

miR-10b, miR-99 and miR-100

miR-10a
miR-10b
miR-10a, miR-10b, miR-100
miR-10b
miR-10a
miR-10a
miR-10a
miR-10a

Upregulation

Upregulation
Upregulation
Upregulation
Upregulation
Upregulation
Upregulation
Gene amplification
Gene amplification
Downregulation
Downregulation

Gaur et al.*®, Silber et al.*®,
Ciafre et al®*

Varnholt et al.>®
Bloomston et al.*®
Volinia et al.®”

Ma et al.

Garzon et al*®

Calin et al.®®

Zhang et al.*®

Zhang et al.*®

Agirre et al*®
Jongen-Lavrencic et al%’
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Am J Transl Res 2010;2(2):170-180
www ajtr.org /AJTR1003003

Review Article
miR-145-mediated suppression of cell growth, invasion
and metastasis

Mohit Sachdeva, Yin-Yuan Mo

Springfield, IL, USA.

Received March 17, 2010; accepted March 22, 2010, available online March 25, 2010

Cell cycle arrest

Department of Medical Microbiology, Immunology and Cell Biology, Southern illinois University School of Medicine, / \
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Protein synthesis, cell proliferation
and tumorigenesis

Figure 1. A simplified working model! for miR-145 and
its function as a tumor suppressor.
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L arge | nter ngenic Non-coding RNA

(LIncRNA)

« > 200 nt, was considered as “transcriptional noise”

« Many large ones have polyA

« Also called as “Long intervening noncoding RNA” or “Large non-coding RNA
(LncRNA)”

« Long noncoding RNAs with little or no protein-coding capacity

« Evolutionarily conserved in mammalian genomes and thus presumably function in
diverse biological processes

* Recent discovery of more than a thousand genes known as large intergenic non-
coding RNAs

a Histone marks identify lincRNAs
Ke K3 NATURE BIOTECHNOLOGY VOLUME 27 NUMBER 4 APRIL 2009
v 4

Figure 1 Identification and validation of long

yo— o intervening noncoding RNAs. (a) Patterns of
H3K4me3 (trimethylated lysine 4 of histone H3,
* green) adjacent to H3K36me3 (trimethylated
b Transcript validation lysine 36 of histone H3, blue) mark transcription
Sequence conservation units and identify unannotated transcripts
Microarrays positioned between protein-coding genes.
Northern blot analysis (b) Large multi-exonic non-protein-coding
RT-PCR RNA transcripts are detected by a variety of
methods. (c) Experimental and computational
validation suggests that lincRNAs are biologically
C Functional validation functional. shRNA, short hairpin RNA.

Correlated expression with protein-coding genes
Expressed in response to DNA damage
Promoters bound by Oct4 and Nanog
Expression driven by Sox2 and Oct4

AT ULLPL

Perturbed phenotype after shRNA knockdown
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LincRNAs and Chromatin Structure

== HOXC
H3- ]

K27med, 171 T W WY TH | PP 1Y

o e

S m amE

Ci13 C12, , €11 c1o0
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# 5
;/ HOTAIR
r L}
i Bt

HOXD
Recently a lincRNA termed HOTAIR (Rinn et al, 07) was discovered that is encoded antisense to the HOXC
cluster at the exact juncture of a 40 Kb domain of heterochromatin and a 60 Kb domain of euchromatin.

However, HOTAIR doesn? serve to regulate this boundary; Remarkably HOTAIR affects the global
epigenetic state of the HOXD cluster located on a separate chromosome. HOTAIR binds the Polycomb
Repressive Complex 2 (PRC2) and is required for PRC2 occupancy and histone H3 lysine-27 trimethylation
of HOXD locus. Thus, transeription of large ncRNA may associate with chromatin remodeling complexes
and guide them to their sites of action. We are employing a combined informatic, biochemical and
immunofluorescent approaches to identify other lincRNAs associated with chromatin remodeling
complexes. Together our studies aim to understand the roles of lincRNAs in portioning the genome into
proper domains of euchromatin and heterochromatin.
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HOTAIR Became Real

hot air
ORIRE |5

Cell. 2007 June 29; 129(7): 1311-1323.

Functional Demarcation of Active and Silent Chromatin Domains
in Human HOX Loci by Non-Coding RNAs

John L. Rinn1, Michael Kerteszz=5, Jordon K. Wang1’5, Sharon L. Squazzo4, Xiao Xu1,
Samantha A. Brugmann3, Henry Goodnough3, Jill A. Helms3, Peggy J. Farnham4, Eran
Segalz, and Howard Y. Chang1

1 Program in Epithelial Biology, Stanford University School of Medicine, Stanford, CA 94303, USA
3 Department of Surgery, Stanford University School of Medicine, Stanford, C4 94305, USA

2 Department of Computer Science and Applied Mathematics, Weizmann Institute of Science, Rehovot 76100,

Israel

4 Department of Pharmacology and Genome Center, University of California-Davis, 95616
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We identified a 2.2 kilobase ncRNA
residing in the HOXC locus, termed
HOTAIR, which represses
transcription in trans across 40
kilobases of the HOXD locus. HOTAIR
interacts with Polycomb Repressive
Complex 2 (PRC2) and is required for
PRC2 occupancy and histone H3
lysine-27 trimethylation of HOXD
locus. Thus, transcription of ncRNA
may demarcate chromosomal
domains of gene silencing at a
distance; these results have broad
implications for gene regulation in
development and disease states.

meS me3 me3
a A f/ Ty

L=y

ncRNA

Full length 2158 nt
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LETTERS [

Long non-coding RNA HOTAIR reprograms chromatin
state to promote cancer metastasis

Rajnish A. Gupta', Nilay Shah?, Kevin C. Wang', Jeewon Kim?, Hugo M. Horlings®, David J. Wong', Miao-Chih Tsai',
Tiffany Hung', Pedram Argani’, John L. Rinn’, Yulei Wang?®, Pius Brzoska® Benjamin Kong®, Rui Li*, Robert B. West?,
Marc J. van de Vijver®, Saraswati Sukumar® & Howard Y. Chang’

c Normal breast Primary Met d _ .
epithelial cells breast cancers breast cers =132 pimeny Sncaek conner
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0.8 HOTAIR low 0.81
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e 0
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LincRNAs in Cancer

Ohr 3hr 6hr 9hr

The largest signature our guilt by association method
G = revealed was comprised of hundreds of lincRNAs that all
* Timecourse share functional associations with cell-cycle regulation,
proliferation, RNA binding proteins and chromatin
remodeling complexes. These results strongly suggested
DNA Damage misregulation of lincRNAs would result in tumor formation
ﬂ Timecourse by loss of epigenetic regulation of cell-cycle regulation genes,
Enriched in "Cell-Cycle” oncogenes and/or tumor suppressors. We have further
S GSEA Cluster (P<1¢7) ;dentified candidate? nco-lincRNAs??and? umor-
suppressor lincRNAs??based on associations with key cancer pathways as well as known oncogenic and
tumor-suppressor pathways, respectively. In addition, we will lock for misregulation of lincRNAs that are
strongly associated with cell-cycle regulation, proliferation, RNA binding proteins and chromatin
remodeling complexes. By profiling lincRNAs across numerous cancer types we have rapidly identify
lincRNAs that could play key roles tumor initiation and/or progression that will be explored for their
functional mechanism. In summary, lincRNAs could herald a new paradigm in our understanding of cellular
transformation and/or metastasis. Defining the roles of these RNA molecules in cancer could open up new
avenues for better diagnostics.

— 177 incRNA Exons —
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A Large Intergenic Noncoding RNA
Induced by p53 Mediates Global Gene
Repression in the p53 Response

Maite Huarte,'?* Mitchell Guttman,'® David Feldser,3# Manuel Garber,' Magdalena J. Koziol,?

Daniela Kenzelmann-Broz,58 Ahmad M. Khalil,’:2 Or Zuk,! Ido Amit,’ Michal Rabani,! Laura D. Attardi,>¢ Aviv Regev,1-3
Eric S. Lander,'->7 Tyler Jacks,>* and John L. Rinn®-2*

Direct Induction Indirect Induction

LincRNA-p21 mediates global gene

repression and apoptosis in the p53
pathway
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Large non-coding RNAs: missing links in cancer?

Maite Huarte'2 and John L. Rinn12:*

"The Broad Institute of MIT and Harvard, Cambridge, MA 02142, USA and ZDapartmant of Pathology, Beth Israel

Human Molecular Genetics, 2010
doi: 101093 hmg/ddg3 53

Deaconess Medical Center, Harvard Medical School, Boston, MA, 02215, USA

Received July 17, 2010; Revised August 6, 2010; Accepted August 16, 2010

RI-RIO

Table 1. Examples of large ncRNAs potentially oncogenic

RNA Organism Size Genomic location Expression Functional characteristics Mechanism References
p21 NAT/ Homo sapiens =423 bp Antisense cdknla/  EST sequenced from Antisense of Cdnkla/p21. Requirement of Agol but not Ago2 for (44)
Bx332409 p21 neuroblastoma Negative regulation of epigenetic silencing of Cdknla/p2i
Cdnkia/p21 by epigenetic.
silencing
HOTAIR H. sapiens 22kb Intergenic HoxC Distal fibroblasts/metastatic Gene silencing in trans. Interaction with PRC2 and LSD1 complexes  (22,34)
locus breast tumors Metastasis and targeting to repressed genes
MALAT-1 H. sapiens 8.7 kb Intergenic Chrll Overexpression in lung Metastasis Induction of GAGEG proto-oncogene (35,49-51)
adenocarcinoma, breast, transcription by inhibition of PSF
pancreas, colon, prostate and repressor
hepatocellular carcinomas
VL30-1 Mus musculus 4.9 kb Retroelement Ras-mediated transformation of  Induction of Rab23 proto-oncogene (47,60-62)
ncRNA mouse fibroblasts transcription by inhibition of PSF
repressor
ANRIL H sapiens 22kb Antisense of Upregulated in prostate cancer Gene silencing of INK4a/ARF/  Interaction with CBX7 component of PRCI (42,43 ,63—65)
INK4n/ARF/ INK4a and pi 5/CDKN2B complex
INK4a and pl35/
CDKENZB
HI19 H. sapiens 23 kb Imprinted H{9-fgf2 Bladder, human lung and breast Control of imprnting. Unknown (66—T0)
locus in Chrll carcinoma, choriocarcinoma Oncogenic or tumor
suppressor. Containing
microRNA miR-675
CUDR H. sapiens 22kb Intergenic Chrl9 Overexpressed in a May regulate drug sensitivity Unknown (71)
doxormubicin-resistant human and promote cellular
squamous carcinoma subline transformation through
resistance to apoptosis
Zeb2/Sipl H sapiens 680 bp Antisense of Zeb2/ Overexpressed in human tumors  Inhibition of E-cadherin Inhibition of splicing of Zeb2 first exon (46)
NAT Sipl with low E-cadherin through induction of Zeb2 containing IRES sequence
expression protein levels
SRA-1 H. sapiens 875 bp Alternative splicing In breast cancer cells, different  Co-activator of steroid receptors  Interaction in ribonucleoprotein complexes  (72-79)
of SRA gene, balance of coding/non-coding and other transcription with several positive regulators,
loss of coding splicing isoforms factors as MyoD. Increased including SRC-1, p68 and p72, Puslp and
frame levels of non-coding isoform Pus3p, as well as negative regulators,
associated with metastasis such Sharp and SLIRP to be recruited to
promoters of regulated genes
PCGEMI H. sapiens 1.6 kb Intergenic, Chr2 Upregulated in prostate cancer in  Inhibition of apoptosis, Unknown (B0—84)
African-American patients promotion of cell growth
UCAl H. sapiens 1.4 kb Intergenic, Chrl9 Embryonic development and Increases proliferation, Unknown (85)

bladder cancer associated

migration, invasion and drug
resistance of human bladder
cell line
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Table 2. Examples of potential tumor-suppressor large ncRNAs

RNA Organism Size Genomic Expression Functional characteristics Mechanism References
location
GASS H. sapiens, Multiple splicing Intergenic. Downregulated in breast Induces growth arrest and Blocks transcriptional induction by  (52-54,86-91)
M. musculus isofonms 0.6— Some introns cancer, upregualted by apoplosis GR by binding to GR DNA
1.8 kb (human) encode induced growth arrest binding domain and competing
snoRNAs with DNA GRE
lincRNA-p21 M. musculus 31kb Intergenic, Induced by p33 upon DNA Global gene repression in the p53  Physical interaction with (36)
upstream of damage or oncogenic stress transcriptional response hnRNP-K, targeting genes for
2iedknla inducing cellular apoptosis transcriptional repression
MEG3 H. sapiens Several isoforms Intergenic, Chr Maternally expressed Activates p53 activity on specific  Unknown (92-98)
1.6—1.8kb 14 imprinted gene. genes by increasing p53
Hypermethylated in protein levels by suppressing
myeloid leukemia, multiple MDM?2 levels. Also inhibits
myeloma and pituitary cell proliferation
wmors independently of p53
ncRNA H. sapiens = 200-300 nt Transcribed Induced by DNA damage Induces repression of cyelin D Binding to TLS protein induces (56)
CCNDL/ from 5 end gene TLS allosteric change, allowing
cyclin D1 of cyelin DI interaction with cvelin D gene,
gene inhibiting CBP/p300 HAT

activity and resulting in cyelin
DI repression
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Our ? uilt by association??informatics approach
revealed a striking class of lincRNAs that appear to be
involved in Embryonic Stem (ES) cell pluripotency. These
lincRNAs are not only exclusively expressed in ES cells

LincRNAs in ES Pluripotency
but are also directly transcribed by key transcription

factors (Sox2/Oct4/Nanog) that are known to regulate ES

pluripotency. However, the ultimate proof that these lincRNAs are required for ES pluripotency would be to
perform loss-of-function by depleting lincRNA transcripts and monitoring the resulting phenotypic changes
(i.e. loss of self-renewal and/or pluripotency). To this end, we along with the Broad RNAi Platform are
performing high-throughput loss of function experiments using shRNAs targeting ES lincRNAs, and
monitoring the resulting perturbations to ES pluripotency.

mERAERA

L Td.
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Large intergenic non-coding RNA-RoR modulates
reprogramming of human induced pluripotent stem cells

Sabine Loewer!™%, Moran N Cabili>®, Mitchell Guttman®’, Yuin-Han Loh!-%, Kelly Thomas®8,
In Hyun Park! %12, Manuel Garber®, Matthew Curran’?, Tamer Onder! %, Suneet Agarwall’?’,
Gene expression € LIncRNA expression Philip D Manos!** Sumon Dattal>>*, Eric S Lander’~7, Thorsten M Schlaeger1'3'4,
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Long noncoding RNAs: functional surprises from the RNA world

Jeremy E. Wilusz, Hongjae Sunwoo and David L. Spector

. Genes Dev. 2009 23: 1494-1504
1. Transcriptional Access the most recent version at doi:10.1101/gad.1800909

Interference
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Hybridization of sense l ncRNAs bind \

2.Induce chromatin
remodeling and
histone modifications

Block recognition of exon Dicer Cleavage
by the spliceosome 5. Modulate 7. Alter protein
protein activity localization
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6. Structural or
organizational role
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Agilent Technologies Gene + LINCRNA Array

W SurePrint G3 8x60K Microarrays

Species | Array Format ALl bl ALl Database used for design
Gene Targets | Probes | Targets G3 Arrays HD Arrays

SurePnnt HD
4x44K v2

---- .
i
i

SurePrint HD
4xd4K v2 34,017

SurePrint HD
4xdakv2 28930

30 ym features 65 pm features
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Next Generation Sequencing

BEikf@aRAST
Welgene Biotech. Co.,Ltd.

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com

| WEESERE Nlext Generation Sequencing (NGS)

Sanger Sequencing — =3 <100 #% & %], & #% ~1,000bp
I ~ 750-1000 bp/read

UH — 96 reads/run

— 2-200 kb paired-end
NGS (massively parallel sequencing) - = 108i#% & 7|, # i ~100bp

— ~1 Mb/day
_ — 50-100 bp/read (>500bp/read)
W | —100,000,000 reads/run (1,000,000 reads)

o — 10-25 Gb/day

e

Roche 454

lllumina Solexa AB SOLiID

Roche (454): Titanium lllumina: Genome Applied Biosystems:

series reagents (run Anlayser Il SOLID™

on FLX Genome

Sequencner)

Sequencing chemistry pyrosequencing polymerase-based Ligation-based

sequencing-by- sequencing
synthesis

Amplification approach | Emulsion PCR Bridge amplification Emulsion PCR ,ﬁ ﬁg H& 153 ﬁ |3 J ﬂ E_l

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com

PDF

WELGENE

DNA/RNA

i Sequencing

_ — Sequendng
B —_ —_— = data

- =3 108i% B 5|, & i¥ ~100bp

CTTGCAGATGCAATGTGTTCAGGAAGATCAACAGGCAGAGCCTCCACCTTGTAGTTGCCCTTGAGAATGTCTGCTCTTGCTGCCACTTTTCCGGGGGCAATTGTACGGATCTTTCCTC

S g 136363

— = e z
cttgcagatgcaatgtgttcaggaagatcaacag tct=ctettgctgacacttttccggggpcaattigtacggatcttticecte
cttgcagatgcaatgtgttcaggaagatcaacaggcagagcct tect-ctettgctgctactttticcgggeggcaatigtacggatctttecte
cttgcagatgcaatgtgttcaggaagatcaacaggcecagagcct tctectect—~ctgccactcliccggggacaatigtacggatctttcctc
cttgcagatgcaatgtgttcaggaagatcaacaggcecagagcecct citgctettgectgtcactiticcgpeggcaatigtacggatectitecete
cttgcagatgcaatgtgttcaggaagatcaacaggcagagcct ctggtettgctgccacttttccggeggcaatigtacggatectttcete
cttgcagatgcaatgtgttcaggaagatcaacaggcagagcct cettctettgetzceactittticcggErscaattgtacgpatetttcete
dttgcagatgcaatgtgttcaggaagatcaacaggcagagcct ctgctecttgetgecacttttceggegacaattigtacggatctttecete
|cttgcagatggaatgtgttcaggaagatcaacaggcagagcc ctgctctigctgccgectiticcggegacaatigtaceggatctttecte
|cttgcagatccaatgtgttcaggaagatcaacaggcagagcct cttcrtctigctgccacttticceggeggcaatigtaceggatctttccte
ctkgcagatgcgatgtgttcaggaagatcaacaggcagagcct ctgctcitgcltgcaactttitccegeggcaatigtacggatetttcecte
gttgcagatgcaatgtgttcaggaagatcaacaggcagagectcceca cttctettpectgecactittccegpgepgcaatigtacgpatetttecete
gttgcagatgcaatgtgttcaggaagatcaacaggcagagecctcca cttctcttgectgeccacttttcecgggggecaattgtacggatectttectce
cttccagatgcaatgtgttcaggaagatcaacaggcecagagcctcca ctgetcttctagcecacttticcgeggegeaatltgtacggatetitcete
|cttgcagatgcaatgtgttcaggaagatcaagaggcagagcctc ctcctcttgectgecacttttccggegggcaattgtaceggatectttecte
gttgcagatgcaatgtgttcaggaagatcaacaggcagagcecctccacc ctcctecttgectgeccactttteccgggggecaattgtacggatctttectc
ct—gca—atgcaatgtgttcaggaagttcaacaggcagagcctccacctt cttetetigctzecagttttccegggggcaattigtacggatettteccte
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Current (2nd) NGS Platform - Solexa

lllumina Sequencing Technology

lllumina Solexa DNA
(0.1-1.0 ug)
|

Sample

preparation Cluster growth 5!”
Sequencing
1 2 3 - 9 6 7 8 9
(T S Y A S L
BiERAGEBRLIE
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Current (2nd) NGS Platform -

SOLID

(a) Solid sequencing process

nNnCAZEE nANGGZZT
9 - ¥
mmm” mr
nnn! Czzz nnnAT

&
zZi

il s
‘5".‘!‘ 5 P1 Adapter Template sequence 3
Round Ligation cycle
1 z 3 4 5
Universal Seq Primer
1 .ﬁf.fs [lého 14,15 1920 24,25
i
Reset Y Universal Seq Primer n-1 \ '|I | |
2 3 34| IBL?J 1314 1829 23,24
Reset Y Universal Seq Primer n-2 {
: 3 3 23 78l f2lis 1718 2228
e Reset Y Universal Seq Primer n-3 'l\ \
AB SOL|D » ITTTITITIIT M 1,2 67  11h2 1817 21,22
Reset v Universal Seqg Primer n-4
5 0.1 56 10,11 15,16 20,21

(b) Principles of two base encoding

Reference ACGGTCGTCGTGTGCGT

L 1 1 5 5 1 ]
2base probes NN NN EEEN DENN NN DNNN BN S

s SE3858882828888 11
s S3822LILIIILILL <.y
s SS32I2EIELLY o
s $338238822828288 ...

change = error

soauces QOO0 OOSOOEOES 11v cotc

One DMNA molecule per bead. Clonal amplification to thousands of copies occurs in microreactors in an emulsion

PCR
amplification

Break
emulsion

Template
dissociation

Primer, template,
) dNTPs and polymerase
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Next (3rd) NGS Technology-PacBio

DA Template Huglectide Analogs
>
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Next (3rd) NGS Technology-NanoPore
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Applications

* RNA-seq: expression quantification, alternative splicing

* ChlP-seq: Identification of TF binding sites and broad
regional interactions (e.g. histone modifications)

« Exom-seqg: Exom region enrichment and sequencing
« Small RNA-seq: miIRNA expression quantification

* Whole genome sequencing

il 2 B8 9 H (R 4 &
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RNA-seq

AAAAAAAA] mRNA

l m [ 1OW RNA-seq works

— —— ar
=

j——
RMA fragments l
——— & ———— K ————
with adaptors

}

ATCACAGTGGGACTCCATARATTTITET
CEAAGGACCAGCAGAARCGAGAINEN Short sequence reads Sample preparation
GGACAGAGTCCCCRGCCCECTCRASGEE

ATGAAACATTAAAGTCAAACAATATGAR

s S = l' Next generation sequencing (NGS)
ey
junctuon n:ds' :—i;;%%—%% poly[A) end reads
= '—z = = Mapped sequence reads Data analysis:

Base-resolutien expression profile v M d p p i ﬂg rea d 5
v'Visualization (Gbrowser)

ﬂ.f’ O, v'De novo assembly

t'ﬂ‘l lfl \Fp,'\ rlmmlf _
] F ‘ v'Quantification

RMA expression level

Muelestide positian

Mature Reviews | Genetics

Figure from Wang et. al, RNA-5eq: a revolutionary tool for transcriptomics, Nat. Rev. Genetics 10, 57-63, 2009).
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Reference RNA sequence

=== - == T T==Es
Reads =™ =e-----o-mmeeeceooe-m™ =gT

B Exon
—_

Intron ) _

== Sequence read 28509 rows Search Export results  RPKM Threshold |

- Slgnal from annoted exons Rank | Gene Location | RPKM | Read count

0 Non-exonic signal — A —— R
14 Tpsa chré: 8,274,537-8,419,743 2,262.1 246,929.9 *
i3 mt-cod c-h.rH: -5,?35-IB,52-B 2,3-'1;3_3 191,-3..‘12_9.
12 mit-col chrM: &, 425-7 975 2,73B.6 435, 776.8
11 efla chr19: 43,128, 766-43,132, 081 2,BE3.5 516,218.8
19 mt-co2 chrif: &,13g-8, 428 3,550.2 251,679.8
] rplpﬂ chrB: 1,613,717-1,626,549 3,B71.7] 438,972.4
] 5_85 rRNA chril: 169, 855, 581-169, 855, 656 3,046 4 63, 168_2
7 ZQC:IESEJS chriG: 22, 6497, 632-22 498 922 3,972.3 2?8,598.8_5
[ bl rhel3. 3R G632 RGR-TR K14 178 R_188 QA 2238 134 ﬁ;

— — =
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RNA-seqf # 1 Array { i » thE i

« Exon level expression / Splicing event
* Novel exon / intron discovery

« Point mutation

o Allelic specific expression

« Genefusion (?)

i 12 B3 49 %5 R 40 =
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Tumor Transcriptome Sequencing Reveals Allelic
Expression Imbalances Associated with Copy Number
Alterations

Brian B. Tuch'”, Rebecca R. Laborde®”, Xing Xu', Jian Gu®, Christina B. i'.:hung'r Cinna K. Monighetti‘,
sarah J. Stanley’, Kerry D. Olsen®, Jan L Kasperbauer®, Eric J. Moore®, Adam J. Broomer', Ruoying Tan’,
Pius M. Brzoska', Matthew W. Muller’, Asim 5. Siddiqui’, Yan W. Asmann®, Yongming Sun’, Scott
Kuersten®, Melissa A. Barker', Francisco M. De La Vega', David I. Smith®*

1L Technologies Inc, Foster Gy, Californis, United States of Amarica, 2Divition of Expadmantal Pathology, Department of Laborstosy Medicine and Pathology, Mayo
Chinic, Rodhaster, Minnasota, United States of Amedca, 3Lk Technologie: Inc., Austin Texas, United States of Amedcs, SDepartment of Dtorhinols ryngodogy. Maye
Ohinic, Rochesster, Minnesota, Linited States of Amedica, § Division of Biomedical StatisBics and Infanm atics, Department of Health Stences Resaarch, Mayo Clinic, Rodhester,
Mindesota, Undted States of Amedca

Abstract

Due to growing throughput and shrinking cost, massively parallel sequencing is rapidly becoming an attractive alternative
to microarrays for the genome-wide study of gene expression and copy number alterations in primary tumors. The
sequencing of transcripts (RMA-Seq) should offer several advantages over microaray-based methods, including the ability
to detect somatic mutations and accurtely measure allele-specific expression. To investigate these advantages we have
applied a novel, strand-specific ANA-Seq method to tumors and matched normal tissue from three patients with oral
squamous cell carcinomas. Additionally, to better understand the genomic determinants of the gene expression changes
observed, we have sequenced the tumor and normal genomes of one of these patients. We demonstrate here that our RNA-
Seq method accurately measures allelic imbalance and that measurement on the genome-wide scale yields novel insights
into cancer etiology. As expected, the set of genes differentially expressed in the tumors is enriched for cell adhesion and
differentiation functions, but, unexpectedly, the set of allelically imbalanced genes is also enriched for these same cancer-
related functions. By comparing the transcriptomic perturbations observed in one patient to his underlying normal and wh I
tumor genomes, we find that allelic imbalance in the tumor is associated with copy number mutations and that copy O
number mutations are, in tum, strongly associated with changes in transcrpt abundance The;e resulm suppart a mcndd In
which allele-specific deletions and duplications dhve allele-specif- -~-----" ---- -

e Transcriptome Sequencing

Patient 8 Patient 33 Patient 51
Normal Tumor Normal Tumor Normal Tumor
Total reads 129 M 1BE M 229 M 256 M 227 M 199 M
Unaligned | 3om | 30% | sam | 34% | 4em | 21% 20% | B4 M Tﬂm:{
Aligned o fiter database | 48 M | 37% | 76 M -&ﬁ 118 M a3 | sam | 20%
Aligned to rONA (in filter database) | 46m | 36% f o nm | 36% 111 m 20% | a1 | 21%
Aligned fo genome | 43 M | 33% | 48 M | 26% | B3 M | 27% ﬂ BEM | 33%
Uniguely aligned to genome | 250 | 18% § 210 | 11% | 390 | 17% | 36M | 156% § GEM | 35% | 40M | 208
Uniquely aligned to genome within a RefSeqexon | 8M | 8% | 7™M | 4% J1em| 7% | 14m | 5% Jz2m | 10% | 15M | 8%
RefSeq exons with at least one alignmeant 133,207 102 540 136,817 127 464 150,333 143,026
RefSeq exons with 2+ non-clonal alignments 114 560 80,905 115,275 108 984 136,674 128,546
Coverage of RefSeq exons 5.6x 51x 11.5x 10.3x 15.9x% 11.0x
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Mate-Pair Genome Sequencing VS Whole Transcriptome Sequencing
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Figure 2
Comparison of input DNA signal tracks among all four barcoded adapters relative to standard lllumina adapt-
ers. An input sample was split in five aliquots. Four were barcoded differentially (top four lanes) and one had non-barcoded,
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ChiP-seq accurately predicts tissue-specific activity of enhancers
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Underlying Technology of SureSelect™

ARTICLES

nature
biotechnology

Solution hybrid selection with ultra-long oligonucleotides
for massively parallel targeted sequencing

Andreas Gnirke!, Alexandre Melnikov!, Jared Maguire!, Peter Rogov!, Emily M LeProust?,
William Brockman'?, Timothy Fennell', Georgia Giannoukos', Sheila Fisher!, Carsten Russ', Stacey Gabriel',
David B Jaffe!, Eric § Lander"** & Chad Nusbaum!

Targeting genomic loci by massively parallel sequencing requires new methods to enrich templates to be sequenced. We
developed a capture method that uses biotinylated RNA ‘baits’ to fish targets out of a ‘pond’ of DNA fragments. The RNA is
transcribed from PCR-amplified oligodeoxynucleotides originally synthesized on a microarray, generating sufficient bait for
multiple captures at concentrations high enough to drive the hybridization. We tested this method with 170-mer baits that target
>15,000 coding exons (2.5 Mb) and four regions (1.7 Mb total) using lllumina sequencing as read-out. About 90% of uniquely
aligning bases fell on or near bait sequence; up to 50% lay on exons proper. The uniformity was such that ~60% of target
bases in the exonic ‘catch’, and ~80% in the regional catch, had at least half the mean coverage. One lane of lllumina
sequence was sufficient to call high-confidence genotypes for 89% of the targeted exon space.

The development and commercialization of a new generation of have been tested on target sets complex enough to match the scale of
increasingly powerful sequencing methodologies and instruments'™  current next-generation sequencing instruments.
have lowered the cost per nucleotide of sequencing data by several The first method, microarray capture®'>'%, uses hybridization to

orders of magnitude. Within a short time, several individual human  arrays containing synthetic oligonucleotides that match the target

ated with pdfFactory trial version www.pdffactory.com
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Agilent SureSelect™ Target Enrichment Efficacy: EE’ia.'
Sample Coverage Plot SureSelect
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SureSelect Bait Coordinates: Black Bars

2x tiling design approach

This plot (generated in the UCSC Genome Browser) shows sequence coverage data for a representative portion of
the Agilent SureSelect Target Enrichment demo kit, which covers the RefSeq exons on the non-pseudoautosomal
portion of Chromosome X using 2x tiling. Inred is the log of the sequence coverage. Bait coordinates are
denoted in black and the exons that constitute the target region are in blue. Sequence coverage is higher for
those exons that are covered by more than one overlapping bait

T LT PN

PDF created with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com

PDF

110G 100M 1M 10K 100
1 1 1 1 -+ ‘

Showing 50 bp it

E 21,154,460 21.154,470 21,154,480
i I I I

B G GCCAACCCAGITIGTT GGAAGTACTCT GGGARG
: TTTY14

r g g ccaAaaccca g fEgljlajg tt g gaagtactiLcoct gegegactcsg
1k g g cca accca egljaljg t &t ggaapgtactTcoctTgggag
rg g ccaacccacglalgett g gaagtactctgegegac©®g
r g gccaacccatccjajgstt ggaasgtactct gege©egact€Eg
:;ggccaacccagagttggaagtactctgggag
&£ E E ECaac

g FocCaaceciapgralg tt ggaasarrtactet gEEa©E

iriant loci overlapping coding exons) - showing 27,9220 of 27,920

Search
-HP a Type Zyg. Variant Scoi Ref Sc. Cov. #Read Cc Gene Lecatio Coding cha:
SNF Wem  t->afa 358 35.68 46 31/ Dz 05 T >S5 (cD2 -
SMP Homm c == £rt 25.5- 35 .88 45 45745 SEC&1AZ COS synonymous | =
Tf- SMP Het a —> gfa =L I3%._8a 51 21730 OR5B8Z CDS| v —=> A (DRSE
L |_i 3/13 [f# Mutation.psd [Z10.6 KB [625x4684xZ4b psd [129%. [Bicubic Interpolaton |[Loaded in 0.0 s | 5

LERABRAS

Welgene Biotech. Co._,Ltd.

ated with pdfFactory trial version www.pdffactory.com



http://www.pdffactory.com

WELGENE

Efficient Capture of bbp deletion on the
X-Chromosome: Menke's Syndrome

SureSelect™ Target Enrichment Kit Efficiently Captures 5 bp Mutant
Readout on lllumina GA

hg18_ChrX_77131408_77131467_ : Wildtype Bait Design
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J \
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Figure 5-1 Experimental pipeline of small RNA analysis
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Characterization of the Melanoma miRNAome by Deep
Sequencing
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Homo sapiens decorin (DCN), transcript variant 41, mRNA& [M_001920]

Homo sapiens platelet-derived growth factor receptor, beta polypeptide (PDGFRE), mENA [N
Homo sapiens cytochrome P450, family 1, subfamily B, polypeptide 1 (CYPLEL), mRNA [NM_
Homo sapiens collagen, type VI, alpha 2 (COL6AZ), transcript variant 2C2, mENA [MM_00134
Homo sapiens microfibrillar-associated protein 4 (MFAPA), mRNA [NM_002404]

Homo sapiens collagen, type [11, alpha 1 (Ehlers-Danlos syndrome type [V, autosomal deminan
Homo sapiens lumican (LUM), mRNA& [MN_0023245]

Homo sapiens carboxypeptidase M (CPM), franscript variant 1, mENA [NM_001874]

Homo sapiens spondin 2, extracellular matriz protein (SPON2), mRNA [NM_012445]

Homo sapiens paired related homeobox 2 (PREX2), mRN& [NM_016307)]

ProbeName GeneSymbol Common name Description
473 FO48T3 DCN W _0019Z0
A_Z3_PAZ1401 PDOFRE WM_002609
A 23 PROO6RS CYPLEL Wb Q00104
A 73 F211233 COLOAZ W_001849
A_Z3_PIGA0ST  MFAPY WM_002404
CoL3al W _0Q000%0
W _002345
i i e NM_0O01874
Find Significantly Kl 01245
W 016307
COL3A1 WM_0000%0

Expressed Genes

GPMEE

FDGFRA N_006206

Homo sapiens collagen, type I, alpha 1 (Ehlers-Danlos syndrome type [V, autosomal dominan

NM_001001996 Homo sapiens glycoprotein MEB (GPMEE), transcript variant 2, mRNA [NM_001001996]

Homo sapiens platelet-derived growth factor receptor, alpha polvpeptide (FDGFRA), mEMNA [N
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ProbeName

GeneSymbol Common name Description

|8 23 P4ET

A_23 P42l401
A_23_P209625
A_23_P211233
A_23_P164057
A 23 P142533
A_23 POGDE3

A_23 P16266E
A_23_P121533
A_23_p83298

A_24_P935491
A 23 PITB4LE
A_23 P300033

DCH
PDGFRB
CYP1BL
COL6AZ
MFAPS
COL3AL
LUM
CPM
SPONZ
PRRX2
COL3al
GPMEB
PDGFRA

NM_001920
NM_002609
NM_000104
NM_001849
N_002404
NM_000090
NM_002345
NM_001874
NM_012445
NM_016307
N_000090

Homo sapiens decorin (DCM), transcript varant AL, mRNA [NM_001920]

Homo sapiens platelet-derived growth factor receptor, beta polypeptide (PDGFRB), mRNA [N
Homo sapiens cytochrome P450, family 1, subfamily B, polypeptide | (CYPLEL), mRN& [NM_
Homo sapiens collagen, type V1, alpha 2 (COL6A2), transcript variant 2C2, mRN & [NM_00184
Homo sapiens microfibrillar-associated protein 4 (MFAP4), mRN A [Mi_002404]

Homo sapiens collagen, type I11, alpha L (Ehlers-Danlos syndrome type [V, awtosomal dominan
Homo sapiens lumican (LUM), mRNA [NM_002345]

Homo sapiens carboxypeptidase M (CPM), transcript variant 1, mRNA [NM_001874]

Homo sapiens spondin 2, extracellular matrix protein (SPONZ), mRNA [MM_012445]

Homo sapiens paired 1elated homecbox 2 (PREXZ), mEN A& [NM_016307]

Homo sapiens collagen, type 111, alpha | (Ehlers-Danlos syndrome type [V, autosomal dominan

NM_001001996 Homo sapiens glycoprotein MGR (GPMEB), transcript variant 2, mEN A [NM_Q01001996]

NM_006206

Homo sapiens platelet-derived growth factor receptor, alpha polypeptide (PDGFRA), mRNA [N
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T RPKM VS sequencing depth

Drosophila Human
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RPKM=reads per kilobase per million of mapped reads
Mortazavi et al, 2008: RPKM=1~3 for 1 copy/cell
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