Sleuthing With the Affymetrix NetAffx™ Website

Identifying and Examining Probe Sets and Their Genomic Context
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Introduction

Identification of transcripts measured by probe sets is confounded by two main factors:

e The transcriptome’s intricate network of multiple isoforms and overlapping sense and
antisense transcripts (1).

e The incomplete, sometimes erroneous, and constantly evolving mRNA sequence
record in the public domain.

For this reason, investigating the transcripts detected by individual probe sets often

requires a broad and detailed knowledge of various bioinformatics tools and databases.

This document describes how Affymetrix NetAffx™ annotations can be used with other
bioinformatics tools and databases to better understand biological functions of transcripts.
It also helps the user to interpret the current, but often incomplete, understanding of a
locus. The first half of this document outlines the NetAffx Full Record Page and the
bioinformatics tools that are used to interpret, verify, or extend the NetAffx annotations.
The second half describes case study examples of unusual probe sets and how they can be
interpreted using the described resources.



Resources

NetAffx™ Probe Set Annotation - Full Record Page

The Full Record page for each probe set (NetAffx — Query — Search — Details —
Full Record) provides a comprehensive collection of the latest annotations and

resources. This page is usually derived through the results table of a search and has seven
sections as shown in Figure 1.
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Figure 1. NetAffx™ probe set annotation Full Record page



The GeneChip Array Information (Figure 2) marks the probe set name and the array it
belongs to.

GeneChip Array Information

Probe SetlD  1007_s_at
GeneChip Array Human Genome U133 Plug 2.0 Array

Organism

Commaon Hame Human

Figure 2. GeneChip Array Information.

The Probe Design Information section (Figure 3) displays the annotations generated at
the time the array was designed. These annotations summarize the quality of the
sequences that were used to design the corresponding probe set along with other details
such as the exemplar/consensus design information. This information is useful when no
additional information is displayed in the main record. Since this information is collected
only for the original design date, it is important to remember that it can also be outdated,
and the most current information about the probe set is found elsewhere on the page.

Probe Design Information

Transcript IDArTay
Design) Hs2.3244732

Sequence Type Consensus sequence
Representative

Puliic ID MR_138957 NCBI
Archival UniGene
Cluster Hs.324473 MCHI

gbiMk_138957.1 JDB_<FEF=0i: 20986530 /GEMN=MAP K1 /TID=Hs2. 324473 2 JCNT=T4 [FEA=FLmMRMA
ITER=FL+Stack 'STk=16 /LL=5594 /UG=Hs. 324473 [DEF=HomO sapiens mitogen-activated protein kinase 1
(MAP K1), transcript variant 2, mRMNA IPROD=mitogen-activated protein kinase 1 /FL=gh:M_138947 1
gb:BC0178321

Cluster Evidence This cluster is supported by a Full-length mRMA and contains 74 sequence(s).

Eegian Eddones  This Prabe Selection Region is supported by a Full-length mRNA and EST Stack and cantains 16 sequence(s).

Target Description

Figure 3. Probe Design Information. The Cluster Evidence and Probe Selection Region Evidence
fields describe the quality of the transcript sequence cluster that was used to design the probe set.
The Probe Selection Region in this example is well supported both by a full length mMRNA and a stack
of EST sequences.

The Cluster Evidence and Probe Selection Region Evidence fields (Figure 3) under Probe
Design Information provide details of the quality of the subcluster sequences and the
nature of the evidence supporting the probe set. The Cluster Evidence field indicates the
best sequence evidence in the subcluster. Probe Selection Region Evidence indicates the
sequence evidence supporting the precise region that was tiled on the array, and whether
or not the target region is supported by mRNA alone, or mRNA/EST stack, or just EST
stack.



The Annotation Method Description section provides the current known transcripts
associated with the probe set and summarizes the evidence for that transcript assignment
(Figure 4). The Annotation Description field in particular describes the transcript
assignment method and the source that was used to gather gene level annotations for the
assigned transcript. The Annotation Notes field lists the transcripts that potentially cross-
hybridize with the probe set.

Annotation Method Description

Annotation This prohe setwas annotated using the Matching Frobes based pipeline to a Entrez Gene identifier using 2
Description transcriptis).
Annotation (;ftle This is a drade A annotation.
Annotati
Transcript Cluster
{# of Matching MM_002931 (16, 2140001 &)
Probes)
; . Related
Representative YT Matching
: ption Prohesets by
Transcript Probes Grade
. Z14000 MCBI H.sapiens RING1T gene. 16M B A
Transcript e . . . =
Assignments MM_002931 NCHI Homo sapiens ring finger protein 1 (RIMG1), mREMA. 1616 A
cdnaknown chromosome:NCBI33 6 33284269:332834681
EMSTOO000333656 gene ENSGOO0N00112477 1616 A
EMSESTTOO000096503 1616 A
a ——— Cross Hybridizing mRHA Matched Probes Hature of Assignment Related Probesets by Grade
ROt BOtES GENSCANDDODDDRD45E 7116 Crass Hyb Matching Prabes AB

Figure 4. Annotation Method Description sample transcript. The transcript grade and the evidence
underlying the grade assignment are provided. Cross-hybridization data is provided in the
Annotation Notes section.

In the Transcript Assignments field (Figure 4), NetAffx uses a battery of methods
(quality assessments and grading techniques) to catalog transcripts measured by probe
sets. The quality of each probe set is documented by listing genomic alignment, cross-
hybridization and hybridization with reverse complements of known mRNA sequences.
The Related Probsets by Grade column in the Transcript Assignments field provides a
convenient method for identifying other probe sets assigned to the mRNA sequences in
the current record. For more information about transcript assignments, see the whitepaper
Transcript Assignment for NetAffx™ Annotations at www.affymetrix.com.

The Genomic Alignment of Consensus/Exemplar Sequence section (Figure 5) details
the genomic coordinates of the probe set for the most recent genome build available.

Genomic Alignment of Consensus/Exemplar Sequence

Assembly  hiay 2004 (MCEI 35)

Position View using IGB ldentity Coverage Cytoband
Alignment{s) chr3:197927538-197950475(+) UCSC jlei=hg 71.89 9823 028

*You can naw view alignments using the Integrated Genarme Browser (1GEY. Maote that you must start IGB hefore clicking on any ofthe "IGB" links above.

Figure 5. Genomic Alignment of Consensus/Exemplar Sequence.


http://www.affymetrix.com/

The Public Domain and Genome References section and the Functional Annotations
section (Figure 6) are condensed views of known functional data including gene
ontology, protein domain similarity, and ortholog information. As a reference for poorly
characterized probe sets, the transcript is BLASTed (see NetAffx™ Tools below) against
the non-redundant protein database.

Public Domain and Genome References

Gene Title  phosphatidylinositol ghycan, class X
Gene Symbol PIGH HGHNC
e 3129
UniGene ID
Build 187 (02 Hs. 223296 MCAI (FULL LEMNGTH)
Oct 2005)
Ensembl EMSGO0000163964 Enzsembl
Entrez Gene 54965 Entrez nene
SwissProt QETBFS EMBL-EBI
QarWZ2 EMBL-EBI
RefSeaProtein .o ngn331.1 HeBl
RefSeq RefSeq Transcript ID RefSeq Title
MM_01 7861 MBI
{1} Title Organism
CANINE 2:CFA1589.1.41 AT similar io GPl-mannosyltransferase subunit cfa
CANMIMNE Z:CFA1589.1.41 5 AT similarto GPl-mannosyitransferase subunit cfa
CANIMNE ZCEAAFFX.20189.1.51 AT similarto GPl-mannosyltransferase subunit cfa
CHICKEMN:GGA12404.4.81 & AT phosphatidylinositol glycan, class X iLE]
CHICKEM:GGA12404.2.81 AT Phosphatidylinosital glycan, class X iLE]
MOE430A1425134 A AT phosphatidylinositol glyean, class X mm
MOUSE430 21425134 A AT phosphatidylinositol glycan, class ¥ mrm
MOUSE4304 21425134 A AT phosphatidylinositol glycan, class ¥ mrm
Ortholod e 43041455284 1 AT phasphaticylinosital glycan, class X mm
MOUSE430 2:1455284 X AT phosphatidylinositol glvean, class ¥ mrn
MOUSEA304 21455284 W AT phosphatidylinositol glycan, class X mm
MG-UT 482 160444 AT phosphatidylinositol glycan, class X mm
MG-UT4BYVE 164533 F AT phosphatidylinositol glyean, class ¥ trim
MU BKSUBBTC2T13 AT Phosphatidylinogitol glycan, class ¥ (Pigd, mRNA  mm
BEG-LZACREC AMTIM192 AT similar to hypothetical protein FLI20622 (predicted) m
RAEZ30A1374571 AT similat o hypothetical protein FLI20522 predicted) m
BATZ230 21374571 AT similar to hypothetical protein FLI20522 {predicted) m
11} Description Evidence Links
Gene Ontology o 5 5 5 .
16740 transferase activity inferred from electronic annotation QuickGO AMIGO
16757 transferase activity, transfarring alycosyl groups inferred from electronic annotation QuickGO AmiGo
Method 11} Description E-Value
Protein blast MNP 060331 GFEmannosyltransferase subunit [Homo sapiens] ob|AAH22542.1| GPl-mannosyliransferase subunit [Homo sapiens] 1.0E-116
Similarities 5o BAAG1233.1  unnamed pratein product [Homo sapiens] 1.0E-106
blast HP 635778 PREDICTED: similar to GPl-mannosylfransferase subunit [Canis familiaris] 1.0E-100
Trans Membrane
D'erﬁ;:_':s [11] gzm:;rsm Domain Boundaries
MP_060331 .1 1 188-210

Figure 6. Public Domain and Genome References.



NetAffx™ Tools

NetAffx provides the following tools to help the user understand the rationale behind the

probe selection process and to precisely identify probe set(s) that detect sequence(s) of
interest:

e Probe Match Tool
e BLAST Tool
e Probe Set Display Tool

Probe Match Tool

The Probe Match tool (NetAffx — Expression — Probe Match) is useful for
determining precisely whether or not a gene or nucleotide sequence of interest is
represented on an array. It provides the alignments of the probes against the input

sequence (Figure 7) and helps identify the precise region of the transcript that hybridizes
with the probes.

Search results for: HG-U133_Plus_2

Eeturn to all results.

Query: '0i 44955884 ref NM_203377 .1 Homo sapiens myoglabin MB | transcript variant 2, mREMNA (1170 bases)
Matched Probes For Probe Set: HG-U133-PLUS 204179 at

Mate: you may also download this tahle as a tab-separated-value spreadsheet file, ar this entire page as a texd file.
Serial Query Cuery Probe Location in Affyimetrix -

Order Start Stop Consensus/Exemplar REODESRuencelais)

1 585 609 4495 TETTCCOGAAGGACATGGCCTCCAA
2 GET 691 577 GEGCCCCGGETTCAAGAGAGAGCGG
] 692 T16 B02 GETCTGATCTCGTGTAGCCATATAG
5 AGGE 40 Tia CTCACTGTGTTCTGCATGGTTTGGA
4] 409 933 818 TCTTCTAAATCCCAACCGAACTTCT
7 943 957 8452 CAARCTOGCTGTAACCCCAAATCCA
g 962 Y86 871 AATCCAAGCCATTAACTACACCTGA
] 1008 1029 914 TAATCACTGGCCCCTTGAAGACAGC
10 1024 1048 933 GACAGCAGAATGTCCCTTTGCAATG
11 1108 1128 1014 TETGTGTGCCTCCTCAGGTATGGCA

Alignment

Query 1 GAGCATGTTGGCCTGETCCTTTGCTAGGTACTETAGAGCAGGTGAGAGAGTGAGGGGGAR &0
Query 61 GGACTCCAAATTAGACCAGTTCTTAGCCATGAAGCAGAGACTCTGAAGCCAGACTACCTG 120
Query 121 GGTCCCAATCTTGGGCTTGGETATTTCCTCGCTGTGTGACTCTGGACTECGCCATGEGECT 180

Figure 7. Sample results from the Probe Match tool. Alignment of the myoglobin mMRNA with the
probes from the U133 Plus 2.0 array.

For the best results, it is important to obtain the most complete mRNA sequence for the
gene of interest. The sequences in the Reference Sequence (RefSeq) collection at NCBI
(http://www.ncbi.nlm.nih.gov/RefSeq/) are usually the best choice. If there is no RefSeq
sequence, then the UniGene cluster, annotated as containing “complete CDS” (Coding
Sequence) for the gene of interest, is used.



BLAST Tool

If there are no hits with the Probe Match tool, the next step is to use the NCBI BLAST
(Basic Local Alignment Search Tool) against the consensus/target database (NetAffx —
Expression — BLAST ). Since Probe Match only finds perfect matches, BLAST (Figure
8) helps to identify probes with mismatches. While the Probe Match tool looks for perfect
matches between the probes and the input sequence, the BLAST tool is more liberal and
allows for gaps and mismatches in the alignment. Moreover, the BLAST tool does not
provide searches against the probes. It only allows comparison with the consensus and
target sequences.

T 2B

BLAST

1. Choose BLAST Target
HG-U133 Targets b

2. Paste sequence in FASTA format

3. Name the BLAST job {120 characters max)

Submit Cuery

Figure 8. BLAST Tool

Probe Set Display Tool

The Probe Set Display tool, a link (Figure 9) at the top of the Full Record page (NetAffx
— Expression — Query — Search — Details — Full Record — Probe Set Display),
provides a graphical display of the relationship between consensus, target and probe
sequences on Expression Arrays. It provides a visual description of the unique versus
non-unique (_S_at, _x_at, and _a_at) probe sets and helps understand probes that are
designed against the antisense transcript. During sequence selection, an attempt is made
to determine the orientation of the resulting consensus/exemplar sequence using a variety
of evidence like EST read direction, CDS orientation, consensus splice sites, and polyA
site/signal. Occasionally, it is not possible to determine the orientation of the transcript.
In those cases, Affymetrix tiles probes against both strands of the consensus sequence.
Unknown orientation is indicated by a solid black diamond in the probe set display
(Figure 10).



SUPPORT m SCIENTIFIC COMMUNITY CORPORATE

FINETAFEX™ ANALYSIS CENTER

Full Record

Details for HG-U133_PLUS_2:203881_S_AT

Full Screen
Cluster Mernbers
. ConsensusiExemplar
HetAffx Links Groun Members
Prohe Set Display

Figure 9. NetAffx link to Probe Set Display.

AFEYMETRIX, HG-U133_Plus_2:215814_at* 00 - quereapobe st I - matcing squence
= -— —— —
- . - common 's’ probe set I B - sequence gap
n Gene:DST = lcLe probe sl . +++ - unaligned sequence
NetAﬁx Dystonin i - uniqus p & ... -unaligned seq . w/ features
*| ¥ P - . - mixed ' probe set .
(Indicates an HG-U133 probe set retained on HG-U133_Plus_2) S i g - sense, antisense, unknown
o P 11 - exon structure
W W - poly(A) stack , site
0 , 200 400 600 8OO . 1000 1200 1400 1600 1800 2000 220

Figure 10. Probe Set Display. Graphical display of a transcript sequence (blue bar) whose
orientation is unknown (indicated by a solid black diamond to the left of the blue bar). Two probe
sets (for both the forward and reverse strand) are tiled for this transcript to ensure that this gene is
represented on the array.

Public Domain Bioinformatics Databases

The transcript record assignments are not the end of the story. The NetAffx transcript
assignment process identifies and catalogs the mRNA sequences detected by the probe
sets. This is followed by the mapping of gene centric annotations for the assigned mRNA
from a large collection of public domain annotation databases. The following is a brief
description of some of these databases that catalog gene centric annotations for mRNA
sequences.

Entrez Gene and UniGene Annotations

Entrez Gene and UniGene databases on the NCBI website provide gene level
annotations for a large group of organisms (3, 4). Entrez Gene (Figure 11) includes only
well curated mRNAs for a given locus; therefore, the curation is stable but not
comprehensive. The UniGene database is comprehensive and includes most of the
mRNAs for each locus, but it is dynamic and changes significantly with each new
version. Therefore, NetAffx uses UniGene only for mRNAs that are not included in the
Entrez Gene database.
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If you want to validate the NetAffx probeset-to-gene association, you have to validate
both the probeset-to-mRNA association, mapped by the NetAffx annotation pipeline, and
the mRNA-to-gene name association, provided by public domain databases like UniGene
and Entrez Gene. To further illustrate this point, consider the probe set 275611 at on the
U133 Plus 2.0 array. This probe set has a Grade A assignment to the GenBank® mRNA
AK022018. NetAffx obtained gene centric annotations for this transcript from Entrez
Gene (Figure 11). AK022018 is annotated as TCF2 by Entrez Gene, and NetAffx reflects
this association. However, the UCSC genomic alignment display for this probe set
indicates that this transcript aligns with the intronic region of TCF2 RefSeq sequence
(Figure 12). Although Entrez Gene, and therefore NetAffx, documents the mRNA
AK022018 as TCF2 mRNA, the genomic alignment contradicts this information. Using
more than one database to confirm the annotations is necessary to produce the most
accurate identification.

Annotation Mathad Dageription

Annotation

F et e e This probe setwas annotated using the Matching Frobes based pipeline t§ a Entrez Gene identifier uging 1 transcript(s).

Annotation H "
Crage This is a grade A annotation.
Annotation
Transeript
Cluster (Zof AK022018(11)
Matching
Probes)
N Representative — -
Tra_mscnpt Transcript Deseription Matching Probes Related Probesets by Grade
ASSIONMENtS 155018 ORI Harmo sapiens cONA FLI1956 fis, clone HEMBE1 000833 11411 A

A",'l'g:::o" There are no notewaorthy cross hybridizing mRMAS found for this probe set

Assembly  May 2004 (NCEI 35)
Position View using IGE ldentity Coverage Cytoband
Alignment(s) chri5:55151662-551538500+) UCEC 1GB~ TIES 9832 o213
~ You can nove view alignments using the Intearated Genome Browser (GEY, Mote that vau must stad 1GB before clicking on an:

Figure 11. NetAffx™ transcript assignment and gene level annotations for probe set 215611 at.

] Base Fositioh | 55150088 S52ee0a8]
.l ﬁFFHmetr‘if HG-UL1Z3_Flus_2 ﬁr‘r:al;l
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2zze7s_st Il
215611 _at |l
STS Markers on Genetic (kIus) ahd Radiation Hubrid (b1ack) Maps
ETS Markers | 1 |
Gap Locatiohs
Gap

UCECG Khown Genes (June, 853 Based on UniFrot, RefZedq, and GenBank mRMA
TCFi2 1 1
TCFi2 ! !
Consensus COE
CCOs |

Fefiey Genes
!
T
Aceligw Gene Mode 1= With A1T-3plicing
iy ki +

Refiey Genes

| AceY iew Genes i c—t p—t
Humar MEMAS from GenBank
ALS31951
ECA5 655
ECAS1769
MZBE27
M
AF239514

| AKezzE1s [l
Human E2T= That Hawve Besh Spliced
Epliced EZTs

L
Hu /S imp fMouSe /Rat /002 /Chi CKAFUZUAZF iSh MUTEIZ ATlignments & Conservation

Conservat ion

chimp |

chicken i 1
zebraf ish I | 11 1 l
Simple MUCI20Tide POIUROrERiShs (SHPS)
el TR TRC RV AL AT LT (T TRV (RN I T N A T L TN T
REpeating E1ements by RepeatMasker

RepeatMasker

Figure 12. UCSC genome browser display of the alignment of the consensus sequence for the probe
set 215611 at. It is evident from this display that the consensus and the corresponding mRNA align
in the intronic region of the RefSeq for TCF2.
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Ensembl

Ensembl contains a comprehensive collection of annotations and transcripts (5). The
Ensembl summary pages are available at the gene and transcript levels with excellent
graphical representation. The NetAftx details view (NetAffx — Query — Search —
Details) provides links to relevant gene level views on the Ensembl website.

Public Domain Bioinformatics Tools

Bioinformatics tools are available in the public domain and are used to further explore
probe set annotations provided in NetAffx.

NCBI BLAST Suite

The NCBI BLAST Suite (Figure 13) is a collection of sequence comparison tools based
on the BLAST algorithm (6). NCBI blastn (nucleotide-nucleotide BLAST), by default,
searches the non-redundant (nr) database (Figure 14), a collection of all the mRNA
sequences. You may have to select the EST database to explore some probe sets. NCBI
only removes redundant sequence submissions to create the nr database. It does not
remove sequences based on sequence identity threshold.

=
<2 NCBI — BLAST Latest news: & December 2005 : BLAS

The Basic Local Alignment Search Tool (BLAST) finds regions of local similarity between seguences. The
program compares nucleotide or protein sequences to seguence databases and calculates the statistical
significance of matches. BLAST can be used to infer functional and evolutionary relationships hetween
sequences as well 3 help identify members of gene families.

Nucleotide Protein
& Quickly search for highly similar sequences ® Protein-protein BLAST (hlastp)
(megablast) e Position-specific iterated and pattern-hit
& Quickly search for divergent sequences initiated BLAST (PSI- and PHI-BLAST)

(discontiguous megahlast)
Mucleotide-nucleotide BLAST (hlastn)

Search for short, nearly exact matches
Search the conserved domain database

« Search for shor, nearly exact matches (rpshlast
# Search trace archives with megablast or e Protein homaology by domain architecture
discontiguous megablast (odarf)
Translated Genomes
» Tranglated queryve. protein database e Human, mouse, rat, chimp MEW | cow, pig,
(blasbq dog, sheep, cat
= Protein guery vs. translated database e Chicken, puffer fish, zebrafish
(thlastn) e Emwironmental samples
» Translated queryvs. translated d s Protozoa
{hlastd o Ingects, nematodes, plants, funai, microbial
genomes, other eukaryotic genormes
Special Meta
# Search for gene expression data (GED e Retrieve results
BLAST)

« Align two sequences ib2sed)

# Screen for vector contamination (YecScreen)
= Immunaglobin BLAST {gBlast)

» ShP BLAST

Figure 13. NCBI BLAST Suite.
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http://www.ncbi.nlm.nih.gov/BLAST/

The BLAST Database Content page (NCBI — BLAST — About — Getting Started)
displays its searchable, protein sequence databases.

2. BLAST Database Content

A BLAST search has four components: guery, database, prograrm, and search purpose/goal. To
discuss effective BLAST program selection, we first need to know what databases are available and
what sequences these databases contain. In this section, we will first take a look at the common
BLAST databases. Accarding to their caontent, they are grouped into nucleotide and protein
databases. These databases and their detailed compositions are listed in the two tables below.

NCEBI also provides specialized BLAST databases such as the vector screening database, variety of
genome databases for different organisms, and trace databases. The contents for the three
Important model organisms, 1.2, human, mouse, and rat, are described in Takle 2.3. For other
organisms, the content of their genome blast pages will be listed when these special BLAST pages
are discussed

Tahle 2.1 Content of Protein Sequence Databases

Database " Content Description

e Mon-redundant GenBank CDS translations + PDB + SwissProt + PIR + PRF,
excluding thase in env_nr

refseq Protein sequences from NCEl Reference Sequence project

S sk Last major release of the 5WISS5-PROT protein sequence database (no

P Incremental updates)

pat Proteins from the Patent division of GenBank:

et All new or revised GenBank CDS translations + PDB + SwissProt + PIR +
PRF released in the last 30 days.

db Sequences derived from the 3-dimensional structure recards from the
n Protein Data Bank
env_nr Non-redundant CDS translations from env_nt entries.

Srnart v4.0 = 663 P33Ms from Smart, no longer actively maintained
Pramw1102 7255 PS5Ms from Pfam, not the latest.

COGwv1.002 4873 PS5Ms from NCEI COG set

KOG w1.00 # 4829 PSSMS Trom NCEI KOG set (eukaryotic COG equivalent).
CDD v2.05* 11399 PSSMs from NCBI curated cd set

NOTE:

* default database is in bald,
= These databases are searchable only from rpsblast page, actual version may vary.

Figure 14. Databases available on BLAST .

The BLAST 2 SEQUENCES tool (Figure 15) can be used to align two
nucleotide sequences and is useful for making a precise comparison between
consensus/exemplar/target sequences and mRNA sequences.

BLAST 2 SEQUENCES

comparmg protem and nucleotide seqeences’ MS Macrobeol Lett. 174:247-250

Prramseters ured in BL

Reward for a match: 1

Cpengap 5 and extension gap 2 penlties
g &_dropll |50 sapget 100 |weed sies | 10 Edgr ) [Agn |

[ Browss

Figure 15. BLAST 2 SEQUENCES Tool.
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http://www.ncbi.nlm.nih.gov/blast/bl2seq/wblast2.cgi

UCSC BLAT Tool

The UCSC BLAT Search Genome tool (www.genome.ucsc.edu) (Figure 16) can be used
to align sequences of interest to the genome (7). It currently supports several organisms
and integrates a wide variety of genome annotations. The results can be viewed in the
genome browser in the context of other genome annotations.

Home Genomes Tables Gene Sorter PCR FAQ Help

Human BLAT Search

BLAT Search Genome

Genome: Aszsembly: Query type: Sort output: Output type:
Human v hay 2004« BLAT's guess v query,score |V hyperink he
[ submit ] [ I'r feeling lucky ] [ clear ]

Paste in a query sequence to find its location in the the genome. Multiple secuences may be searched if
separated by lines starting with ">' followed by the sequence name

File Upload: Rather than pasting a sequence, you can choose to upload a text file containing the sequence

Upload sequence: Browse... submit fils

Only DINA sequences of 25,000 or fewer bases and protein or translated sequence of 10000 or fewer letters
will be processed. Up to 25 sequences can be subtnitted at the same time. The total mit for multiple sequence
submissions 15 50,000 bases or 25,000 letters.

For locating PCE. primers, use In-Silico PCR. for best results mstead of BLAT.

Figure 16. UCSC BLAT Search Genome tool.

If you want to obtain a comprehensive, visual representation of a wide variety of features
in the genomic context of a probe set or a gene of interest (8), you can use the UCSC
Genome Browser (Figure 17). Affymetrix provides links from NetAffx to the UCSC
genome browser for several arrays with genome alignments. The display shows the
consensus sequences as a custom track. On the UCSC browser page, turn ON the
GenBank/RefSeq/KnownGene mRNA and EST tracks to look at all the transcriptional
evidence in that genomic region. One of the limitations here is that the display does not
indicate whether or not the consensus sequence alignment is complete. This is due to the
fact that sometimes the consensus sequence only partially aligns to the genome, and the
most relevant target region of the consensus sequence may not align to the genome at all.
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LUl | cxarune expression patterns.

Gene Sorter

L i News Nows Archives b
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—— bt

Proteome
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Downloads Broad Insuhate of MIT and Hasvard

Releass Log Downloade of the droSec] data and annotahons can be obtamed from the UCSC Genome Browser FIF server or Downloads page The nstial set of droSec] annotabion
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11 Jasuary 2006 - £. pakvbs Browser Update: The latest [1 yakuba ascembly o now avalable i the UCSC Genome Browser Bead more
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amd Blat server for the Dt persimilis genome. Eead more

Cile Us

Figure 17. UCSC Genome Browser.

Integrated Genome Browser (IGB)

The Integrated Genome Browser (IGB) is an Affymetrix desktop application that is used
to visualize and explore genomic annotations from various data sources. Annotations
from any publicly Distributed Annotations System (DAS) server(s), including UCSC and
Ensembl, can be loaded and explored in IGB (Figure 18).

AFFYMETRIX
N AN
]

PRODUCTS & APPLICATIONS

LN NETAFFX | SCIENTIFIC COMMUMITY = CORPORATE

= BY PRODUCT
-» GeneChip Arrays

51

sty Ul il Download and Launch Integrated Genome Browser
->Instruments
-» Software Integrated Genome Browser (1GB)
The Integrated Genome Browser (IGHE, pronounced ig-bee) is an
# BY SUPPORT TYPE application intended for visualization and exploration of genomes and
-: Technical Documentation corresponding annotations from multiple data sources. For more

information, including links to the source code and user discussion
forurm, please see Affyrmetriz tools.

== Supporting Data
->Library Files

Figure 18. IGB on the Affymetrix web site
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The IGB display can be accessed from links within the NetAffx probe set Full Record
page under the Genomic Alignment of Consensus/Exemplar Sequence section
(Figure 19). IGB displays the alignment of the consensus sequences and the 25-mers to
the genome and therefore provides a very precise view of the relationship between the
probe set and the latest transcriptional evidence (MRNA and EST). You may also load
additional annotation tracks, such as RefSeq and Known Genes, from the UCSC DAS
server. The IGB display color codes to differentiate between _at, _s_at, and _X_at probe
sets. In future versions of NetAffx, for designs other than Expression Arrays, IGB will
replace the Probe Set Display tool (see Figures 9 and 10).

Genomic Alignment of Consensus/iExemplar Sequence

Assembly hday 2004 (MCBI 35)
Position View using IGB ldentity Coverage Cytoband
chri 1 58307503-158309435(+) UCEC 1GB* 99.69  99.59 0233

*You can now view alignments using the Integrated Gename Browser (1GH). Mate that you must start 1GB before clicking an any ofthe
"IGE" links above.

Alignment{s}

Figure 19. IGB links on the NetAffx Full Record page.
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CASE STUDIES

Case 1. Resolving DMD Gene Isoforms

Alternative splicing changes the mRNA sequence in several ways. At its simplest level,
an exon can be removed (exon skipping), lengthened or shortened (alternative 5’ or 3’
splicing). These changes in the mRNA sequence may or may not result in changes in the
3’ region of the mRNA sequence. Since the IVT assay is 3’ biased, it may not be possible
to tile probes that can resolve all variants or pick unique probe sets for each of the
variants. This results in non-unique probe sets that hybridize to multiple variants and
cause redundancy where multiple probe sets detect the same transcript.

Customer Question

Three probe sets match the DMD gene. What does this mean?

On the U133 A chip there are 3 probe sets:

e 203881 s _at had a probe match score of 11/11
e 207660 at had a probe match score of 11/11

e 208086 s at had a probe match score of 10/11

In NetAffx, it appears that both of the _sS probe sets are further downstream (closer to the
3" end). When the array is designed with the transcripts available at the time, the _S set
represents more than one transcript, whereas the _at is associated with a single
transcript. Therefore, we expect that all the probe sets will measure DMD; however, the
_S probe sets tend to measure more than one variant.

The previous information is a guideline relating to the time of design. To perform a
follow-up on the results, it is important to look at what is currently known about the
probe sets and the transcript record. The following workflow further explores the
question of the DMD probe sets:

1. Determine the quality of the probe set transcript assignment:

A. NetAffx was searched with three probe set IDs, and the preconfigured Annotation
Method view was used (Figure 20) for annotation. The data clearly indicates that
all three probe sets have the highest quality of grade assignments (Grade A), and
therefore, the majority of the probes in these probe sets align with one or more of
the mRNA sequences for this locus. The table also provides the Annotation
Transcript Count field, which provides a count of all the mRNA sequences that
are assigned to the corresponding probe set.

B. The information illustrates that both of the _S_at probe sets detect all 18 mRNA

sequence isoforms, while the unique probe set specifically detects one of the
isoforms.
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Fesults 1-3 of 5.

Expart | GO Brovwser | Show Ontholags

Full Screen | | = Annotation tethod = j I A0 j Femowe Checked I =E

Details | Probe Set I |[GeneChip [Annotation Annotation | Annotation| |Annotation Annotation

Array Method Gradle Datiabaze Taotal Transcript
Mlapped Count

r 203881 _s_at|Human  |([Matching |4 Entrez 1 18

DET%E Genome | |Probes Gene
L334
Array

r 207660 _at  |Human (|Matching  ||A Entrez 1 1

; Genome ||Probes Gene

Details

- LI33A
Array

- 208086_s_at/|Human matching A Entrez 1 132

; Genome | |Probes Gene

Details

_— L334
Array

Figure 20. NetAffx™ table view indicating the quality of the transcript assignment and the number
of transcripts assigned to each probe set.

2. Look for additional clues:

Detailed annotation reports for each of the probe sets were then scanned. Some of the
relevant sections are mentioned here.

A. The Transcript Assignments field (Figure 21) in the Annotation Method
Description (Figure 4) section on the Full Record page lists all the mRNA
sequences that are assigned to the corresponding probe set .

Representative - Matching Related Probesets
Transeript Transcript Description Probes by Grade
Assignments Mr_004018 Hormo sapiens dystrophin (muscular dystrophy, Duchenne and 1111 A
HCA Becker types) (OO, transcript wariant Dpd0, mRMNA =

Figure 21. Transcript Assignments” section lists all the mMRNA sequences assigned to the probe-set.

B. The Splice Variants field in the Annotation Method Description section on the Full
Record page lists all splice variants for the DMD locus as documented by the
RefSeq database and the corresponding probe sets that detect these variants
(Figure 22). After scanning these fields for all three probe sets, it is clear that there
are 18 different isoforms of the DMD gene as documented by RefSeq. Probe sets
203881 s_at and 208086 _s_at measure 17 isoforms while probe set 207660 _at
specifically measures the 18" isoform.
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Entrez Total Refseq Isoforms Total Detected By This Probeset Refseq Probesets
17486 18 1 MR_000109 203881 < at(11y 208086 s atdl1y
MW_004006 203281 5 at (11, 208086 5 at{11)
MW_004007 203881 5 at (11, 208086 5 at{11)
MW_004009 203281 5 at (11, 208086 5 at{11)
MW_004010 203281 5 at (11, 208086 5 at{11)
MW_004011 203881 5 at (11, 208086 5 at{11)
MW_004012 203881 5 at (11, 208086 5 at{11)
MW_004013 203881 5 at (11, 208086 5 at{11)
Splice Variants M_004014 203281 5 at (11, 208086 5 at{11)
MM_0040145 203881 5 at (11, 208086 5 at{11)
MM_004016 203881 5 at (11, 208086 5 at{11)
MW_004017 203881 5 at (11, 208086 5 at{11)
MW_004018 203881 5 at (11, 208086 5 at{11)
MR_004013 207660 at {113
MW_004020 203281 5 at (11, 208086 5 at{11)
MW_004021 203881 5 at (11, 208086 5 at{11)
MW_004022 203881 5 at (11, 208086 5 at{11)
MW_004023 203881 5 at (11, 208086 5 at{11)

Figure 22. The Splice Variants field lists all the RefSeq isoform documents for a particular locus and
the probe sets that detect each isoform.

3. Perform genomic visualization for further confirmation:
Use the genome browser to visualize the probe sets and clarify the specificity of the
individual probe set for each isoform. For this you must first identify whether or not

these probe sets have a valid consensus-to-genomic alignment.

A. A custom view was created to check whether or not the probe sets have genomic
alignments (Figure 23).

This indicates that the consensi of all three probe sets align well with the human
genome sequence.

Fesults 1-3 of 2.
Euport | GO Browser | Show Orthologs

Full Screen | I genome

j I 50 j Remove Checked Sawe Current List

retails | Probe Set ID | |ConsensusExemplar |[ConsensusExemplar [Consensus/BExemplar |[Consensus Exemplar [(Consensus/Exemplar
Alignment Alignment Alignment Alignment Coverage | Alignment ldentity
Chromosome Chromosome Start Chremosome Stop

Il 203881 _s_at [shiX ansarom 32806202 45492 99,25

Details

Il 207GA0_at  |chix 0955965 31044531 4547 0547

Details

- 208086_s_at |chrix 30899417 31044655 100.0 100.0

Dietails

Figure 23. Custom View to check genomic alignment of the DMD probe sets.

The UCSC browser displays consensus alignment in a custom track and contains
a comprehensive collection of genome annotations. On the other hand, IGB
displays the alignments of the individual 25-mers along with the consensus
sequence alignments.
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B. For one of the probe sets, the UCSC link, in the Genomic Alignment of
Concensus/Exemplar Sequence section on the Full Record page, was followed.

The UCSC genome browser displays the region of the genome that encodes the
DMD gene with the consensi alignments in a custom track (Figure 24). It is clear
that the 3’ region (the region where probes were designed) of two of the consensi
align with 17 out of 18 RefSeq alignments, while the third consensus sequence
targets one specific isoform.

[ EnZs FoEitioh| =S| 30900008 EEFHEED ETCEEEET EICSEET|
— AFFYNISTr ix HE-U1S3_F IMsS_2 Array
224F7a_at |
2EEEE1 _5_at

|

T

Fl
1
2GERSE_S_at -
ZATEEE_at Hed 4

T J S el o

UCSC Mmook Genes {Jume, 853 Based o UniFrot, REF2Sy, amd CEMESRE MRHA
FTHLLT

oHD o + !
OMD B 4
DM o + !
oMo C- 4-
oMb [
oMo % 4 |
OHD » 4t
oMo B 4F
oMo L i S A | R B O 1 HHF F F
OoMD L | Rt o 18 HHE } F
oMo 2 i
BHD . i
OMD - 4
Ok = +
oMo B +F {
oMD -
oMo i fbt

_ oMo H +H 4 1=

FEefZas Gepes
FTHLLY ]
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Figure 24. The UCSC genome browser display for DMD gene.
The IGB display in Figure 25 shows that 207660 at is unique to a specific,

shorter isoform of DMD represented by NM 004019. In Figure, the other two
probe sets are equivalent and detect all 17 isoforms equally well.
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]

=

=

DMD

Figure 25. 1GB display shows the probes (pink bars in the bottom) on the consensus that are specific
for a particular RefSeq splice variant.

Figure 26. 1GB display of two non-unique (_s_at) probe sets showing probes aligning with 17/18
RefSeq isoforms for the DMD gene.
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Conclusion:

Based on the above findings, we can conclude that DMD is present in the experimental
sample, but we cannot say which of the 17 isoforms is present. We can also conclude that
the shortest isoform is absent, since 207660 at does not show a positive signal.

Case 2: Erroneous GenBank mRNA Sequence for RAP1A

One of the main objectives of our sequence selection process is to provide accurate
representation of the mRNA and EST sequences in the public domain. The ability of the
probe set to accurately measure a given transcript reflects quality of the transcript
sequence information that is available at the time of array design. The mRNA and EST
sequence information is limited, absent, or even erroneous in some cases. Moreover, the
sequence information is constantly evolving — more so for some organisms than others —
and therefore the quality of a probe set also changes with changing transcript information
in the public domain.

Customer Question

The target sequence for probe set /555339 at on the HGU133 Plus 2.0 array does not
represent RAPIA transcript as NetAffx claims; however, the consensus had an overlap of
~500 bases. Does this probe set detect RAP1A, and which sequence is more reliable for
the design of primers for PCR?

The following workflow explores the customer’s question:
1. Determine the quality of the transcript assignment.

A. The detailed NetAffx annotation report for this probe set indicates that it has a
high quality transcript assignment (Grade A) to GenBank mRNA sequence
AB051846. The Transcript Assignments section in NetAffx indicates that all 11
probes in the probe set align perfectly with this mRNA sequence. The
Annotation Description field indicates that this mRNA is annotated as RAP1A
by Entrez Gene (Figure 27).

Annotation Method Description

Annotation This probe setwas annotated using the Matching Probes based pipeline to a Entrez Gene identifier using 1
Description transcript(s).
Annotation Grade  This is a grade A annotation.

Annotation Transcript
Cluster (£ of Matching ABDS1846(11)
Probes)

Representative - Matching Related Prohesets by
Transeript Transcript e e Probes Grade
Assi it i i
SslgnNMents ABOS1 46 NCE] Ic—|d05m0 sapiens mRMA for Raichud404x, complete 111 A

Annotation Hotes  There are no notewarthy cross hybridizing mRMNAS found for this probe set,

Figure 27. NetAffx™ transcript assignment report for 1555339 _at.
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B. Therefore, it is clear that the probe set accurately and precisely represents a
GenBank mRNA. The fact that the gene-centric annotations are mapped from
Entrez Gene provides further confidence that this probe set most likely detects
RAPIA gene.

2. Determine the design evidence supporting this probe set.

Cluster evidence indicates how many sequence records support the probe set. The
Cluster Evidence field in the Probe Design Information section in Figure 28 clearly
indicates that the design evidence for this probe set is weak with only one mRNA
sequence supporting this probe set. A well documented cluster may have many ESTs
and a group of several mRNA full length sequences supporting it.

Probe Design Information

Transcript ID{ArTay
Design) Hs2Af/:1.213

Sequence Type Zonsensus sequUence
Rﬂpresentlgtwe Public ABO51 846 MCBI

gh:ABOS1846.1 JDB_XREF=0i:145951 31 IGEMN=Raichu404: TID=H=2AfM 1. 213 [CHT=1 IFEA=FLMRMNATIER=FL
Target Deseription  /STk=1 INOTE=zequencals) notin UniGene IDEF=Hama sapiens mRMA for Raichu404¥, camplete cds.
IPROD=Raichud 04 FL=gh:AB051846.1

Cluster Evidence  This cluster is supported by a Full-length mRMA and contains 1 sequence(s).

Reoian Eaidones  This Probe Selection Region is supported by a Full-length mRNA and cantains 1 sequence(s).

Figure 28. Design evidence supporting the probe set 1555339 _at. The evidence is weak with only one
MRNA supporting the probe set.

3. Explore current mRNA evidence in the public domain for RAP1A.

A. Since the probe set seems to accurately represent the mRNA sequence, the next
step would be to check how the probe set compares with additional mRNA
sequence evidence for RAP1A. The NetAffx Entrez Gene link (labeled NCBI)

was followed.

Note: The NCBI link takes the user to a report that uses Entrez Gene, NCBI’s
database for gene-specific information.

B. The Entrez Gene report (Figure 29) indicates that other high quality mRNA
sequences (RefSeqs) are available for this gene.
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HCBI Reference Sequences (RefSeq)

mBNA Sequence NI 001010935
Transcriptional Variant
Transcript Wariant: This variant (1) represents the longer transcript. Both variants 1 and 2 encode the same protein.
Source Sequence BCO14086 BI460853,BIT1 50941
Product P 001010935 RAPLL, merber of BAS oncogene farily
Conserved Domains (1) surnmary
cd001 54 BA&R; Fab subfarnily of small G TPases
Location: 19 - 165 Blast Score: 319
mBENA Sequence ML 002224
Transcriptional Variant
Transeript Wariant: This variant (2) differs in the 5 UTE, compared towariant 1. Both variants 1 and 2 encode the same protein.
Source Sequence BCO14056 BI460353, BIT1 50041
Produet IMF' 002875 RAPLA, member of BAS oncogene faraily
Consensus CDS (CCDS) CCDEE40.1
Conserved Domains (1) suramary
cd001 54 BA&R; Fab subfarnily of small G TPases
Location: 19 - 165 Blast Score: 319

Related Sequences

Nucleotide Protein
Genomic 402691 CAADNE04
Genomic AL049557 CABSSEES
CATAXT2
mRINA ABOS1E46 BABA1Z6E
mBRNA AF403012  AANI2626
mRINA BCO14026  AAH14026
mRINA BTO19666 AAVIE4TD
mRINA CES97460  MNone
mRINA CEAZ3933  None
mBRNA LI22005  ALAZA150
mRINA 212533 CAA31051
Hone Pa2E34

Figure 29. Entrez Gene report indicates the mRNA sequences for the RAP1A locus.

4. How does the consensus compare with the best mRNA evidence (RefSeq) for

RAPIA?

A. Using the NCBI align 2 sequences tool, you can determine the relationship of the
consensus sequence with each of the RefSeq sequences for RAP1A (Figure 30a).

B. The data clearly indicate that the target or 3’ region of the consensus does not

align with either of the RefSeq sequences for RAP1A.
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"?”'““‘" IclfFfG-U133_PLUS_2:1555339_AT Length 2277 ‘.,].N. 2

8 :! 1 " S oncogen y ) b {
Sequence g SE331201 Homo sapiens RAPIA member of BAS oncogene family (RAP1A), transcrpt Length 1505 {1 -
2 — vanant 1, mRNA = 1590}

/

HOTE The stahstics {bitieore and expect value) is caleulated based on the e of rr databage

1

HICITEE pretein trantlation is reversed, please repeatthe tearch with reverce strand of the query sequence

Score = ©92 Dits (516), Expect = 0.0
Igdenzitiza = 516516 (100%)
Strand = Plus / Plus

Figure 30a. Alignment of the consensus sequence with NM_001010935, variant 1 of RAP1A. The
thick blue bars indicate the region significance similarity.

Sequence Hotno sapiens EAP1A member of BAS oncogene family (RAP1A), transcy

: £.58331200 variant 2, mRNA

SeqUeNce 1 oT133_PLUS_21555330_AT

-
-

-+
-

- v

Figure 30b. Alignment of the consensus sequence with NM_002884, variant 2 of RAP1A.

Conclusion

The results indicate that the mRNA sequence used to design this probe set is erroneous
and therefore this probe set does not actually measure RAP1A.
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