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Levels of genome analysis

Translation

\4

Protein

Genomics - sequence and
organization of the genomes

Functional Genomics — study of
gene function (MRNA levels)

Proteomics — study of expressed
proteins
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Functional genomics

* (Gene expression analysis
- measures the levels of mMRNA in cells

- study of genes expressed by a specific cell or
group of cells and the changes in their expression
patterns during development, disease, or
environmental exposure
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Gene expression analysis

« Northern blotting
e dot blots
e quantitative RT-PCR

Measurement of levels of mMRNA, one gene at a time

Agriculture and Agriculture et
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Gene expression analysis

EST - Expressed Sequence Tags
SAGE - Serial Analysis of Gene Expression
MPSS - Massively Parallel Signature Sequencing

Hybridization to microarrays

Measurement of levels of mMRNA, 10,000s genes at a time

Agriculture and Agriculture et
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Microarrays
Spotted DNA microarrays:

 DNA - Portions of genes or short oligonucleotides
 DNAs are spotted by a robot on glass slides
e 10,000s spots can be arrayed
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Microarrays

Spotted DNA microarrays

« Difference in the ratio of hybridization between
samples is measured for all DNA probes

Over and under expressing genes are identified in
test sample
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Microarrays

Key issues:

Measures only relative and not absolute levels of
gene transcription

Replicate experiments and good experimental
design

Analysis of complex data sets to extract biological
significance (understanding the results)

Information technology issues (managing large data
sets and tracking samples)
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Microarrays at AAFC

Global Arabidopsis / Brassica transcription profiling
* Range of different applications:

- abiotic and biotic stresses
- specific expression of gene family members
- effects of ploidy on gene expression

- interesting lines — mutants, NILs

e Current expression experiments performed using an
Arabidopsis 26,000 70mer oligonucleotide array
Considerations for Brassica work:
- Relatedness of Brassica and Arabidopsis

- Brassica specific genes

Agriculture and Agriculture et
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Amphidiploid B. napus (2n=38)
Important crop species

: f ¥

Model Crucifer
Arabidopsis thaliana (2n=10)
Genome “sequenced”

7

¢
e
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_ basic ancestor n=3-5

-
-
-
-
-
-
-

— related (poly)diploid species n=5

Y :
Arabidopsis
n=>5

v

hexaploid ancestor n=15 (allopolyploid)

Crambe Sinapis Brassica fusion and
ancestor ancestor ancestor rearrangement of
n=157 n=157? n=157? chromosomes

|

Crambe Sinapis Brassica Moricandia Brassica Brassica
n=15 alba nigra n=14 oleracea rapa
n=12 n==8 n=9 n=10

N 0.5-2 Kyr
Brassica napus
n=19
amphidiploid / allotetraploid
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The B. napus genome
N1 N11 N2 N12 N3 N13 N4 N14 N5 NI15

W -
M3 M4
M1 M2

16 major chromosomal
rearrangements

N%lG N7 N17 N8 N18 N9 NI19N10

J

Parkin et. al. 1995 N1-10 = A genome M1 - M2 = 97% seq. similarity
N11-19 = C genome M1 - M3 = 85% seq. similarity
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Problems with an Arabidopsis array?

o Lower specificity and sensitivity
— Due to divergence between Brassica and Arabidopsis

— Useful for very conserved or highly expressed genes

« Unable to profile novel Brassica transcripts

« Unable to discriminate between Brassica gene
family members

— Or may only detect a subset of family members
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Brassica microarrays

The Strategy:
o Utilize >130K AAFC B. napus ESTs (cDNA - 5" and 3’ ends)
3’ ends and Untranslated Regions (UTRS)
- ldentify gene family variation
- Design oligos representing genes
- Resolve differential expression within families

Useful for Brassica specific genes
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Oligo design

Exon 1 Exon 2 )

Oligo 1

Oligos specific to homoeologous gene pairs




4| 50-gil10010|BLIS10F
45| 60-gil10010|BLIS10F
4| 70-gil0010|BLIS10F
A3 gil10023| ASg08540_C1
] gilt 0 Aesgliatad_c:3
45 BLIdaF

\E 50-9il 10023 BLETE R
\E 60-9il 10023 BLETAR2
| 70-9il10023|BLETER2
A gilt0025| A5g08540_C2

Oligo design - 3’'UTR

CCABCCAL:
CGTTTGTATCCAACCAA:

tTGTCTTTT: & :
tTGTCTTTT: & :

CTGTAATAGAAATTC:
CTGTAATAGAAATTC:

TAATATG
TAaTATGT

TTALTCACAL:
TTALTCACAL:
TTALTCACAL:
TTALTCACHA:
TTALTCACHA:
TTALTCACAA:
TTALTCACAA:
TTALTCACAAL:
TTALTCACAAL:

ACGTTTGTATCCAACCAL:
ACGTTTGTATCCAACCAL:
ACGTTTGTATCCAACCAL:
ACGTTTGTATCCALCCAAL:
ACGTTTGTATCCALCCAAL:
ACGTTTGTATCCALCCAAL:
ACGTTTGTATCCALCCAAL:
ACGTTTGTATCCALCCAR:: CTAAACT: :C:TGTCTTTT: : :
ACGTTTGTATCCAACCAR: CTA: BACT: :C:

CCAGCCARACTAGAT:

GACGTTATTATCCAGCCALACTAGAT:
GTATGTGTACGACGTTATTATCCAGCCALACTAGAT:

CT4:
CT4:
CT4:
CTA:
CTA:
CTa:
CTa:

AACT::
AACT::
AACT::
ALCT: :
ALCT: :
AALCT: :

cTGTCTTTT: & :
cTGTCTTTT: & :
cTGTCTTTT: & :
TGTCTTTT: : ¢
TGTCTTTT: : ¢
CTGTCTTTT: @ ¢
ALCT::C:TGTCTTTT: - :

c:TTC:
c:TTC:
c:TTC:
::TTC:
::TTC:
t:TTC:
t:TTC:

TGTAATAGAARTTC:
TGTAATAGAARTTC:
TGTAATAGAARTTC:
TGTALATAGALATTC:
TGTALATAGALATTC:
TGTLATAGAAATTC:
TGTLATAGAAATTC:
trTTC:TGTRATAGAAATTC:
TGTCTTTT:::G:C::TTC: TETAATAGRAATTC :
TGTCTTTTGATATARAGACAGTTTGTCTAATAGRAL
TGTCTTTTGATATARAGACAGTTTGTGTAATAGL
TGTCTTTTGATATARAGACAGTTTGTGTAATAGA
ATAGAAAAATCTARGATTCAGCACAACAATACCAGTTGTGGCTTATATCA
TGTCTTTTGAT AT AR A GACAGTT TG TG TAATAGAALR AR TCTAAGATTCAGCACARCAATACCAGTTGTGGCTTATATCA
TGETCTTTTGAT AT AR A GACAGTT TG TG TAATAGAAR AR TCTAAGATTCAGCACARCAATACCAGTTGTGGCTTATATE
TGTCTTTTGATAT A A GACAGTTTGTGTAATAGAAR A TCTAAGATTCAGCACARCAATACCAGTTGTGGCTTATATCA
TGTCTTTTGATAT A A GACAGTTTGTGTAATAGAAR A TCTAAGATTCAGCACARCAATACCAGTTGTGGCTTATATCA
TGTCTTTTGATAT A A GACAGTTTGTGTAATAGAAR A TCTAAGATTCAGCACARCAATACCAGTTGTGGCTTATATCA
TGTCTTTTGATAT A A GACAGTTTGTGTAATAGAAR A TCTAAGATTCAGCACARCAATACCAGTTGTGGCTTATATCA
TGTCTTTTGATAT AR A GACAGTTTGTGTAATAGAARA A TCTAAGATTCAGCACARCAATACCAGTTGTGGCTTATATCA

TAATATGTAGARCA

TaaTATGTAGAACARCAARTACLL
TaaTATGTAGAACARCAATACAAGTTGTGGCTAATATAL
TAATATGTAGAACARCAATACRAGTTGTGGCTAATATAL
TAATATGTAGAACARCAATACRAGTTGTGGCTAATATAL
TAATATGTAGAACARCAATACRAGTTGTGGCTAATATAL
TAATATGTAGAACAACAARAALLR AR ARLADLAD
TAATATGTAGAACARCAARALAARAAAADLRARARD
TAATATGTALAAALAAA AAARACAARARAARARAADLAD

Lo T I T e O e T e N I |
Ly By B =y B =y =y R = I~ =Y |
Lo T o S o N o N s Y s Y s A o |

GTATGTGTACGACGTTATTATCCAGCCALACTAGAT::
GTATGTGTACGACGTTATTATCCAGCCALACTAGAT::
GTATGTGTACGACGTTATTATCCAGCCARACTAGAT
GTATGTGTACGACGTTATTATCCAGCCARACTAGAT
GTATGTGTACGACGTTATTATCCAGCCARACTAGAT
GTATGTGTACGACGTTATTATCCAGCCARACTAGAT
GTATGTGTACGACGTTATTATCCAGCCARACTAGAT

l540 lsso leso ls70 lss0 lsao I7a0 I710 I7z0 730 740
TTAATCACAAGACGTTTGTATCCARGCAR: CTA: AACT: :C:THTCTTTT:: :6:C: :TTO: THTAATAGAAATTC : TAATATGTAGALCAACALTACCAGTTGTGGCTTATATCA

» Design oligos to distinguish different members
of gene families
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Trial oligo set

Trial oligos

e 32 members of gene families from Bud and Leaf libraries

(relatively even number of sequences for oligo design, easy to obtain
tissue for RNA extraction, likely to detect differential expression)

Cluster at 75% sequence similarity, pick representative
sequence

50mer, 60mer and 70mer oligos designed to test for
specificity and sensitivity (for a total of 96)

Design oligos with OligoPicker
(Wang X., and B. Seed (2003): Bioinformatics 19:796-802)

http://pga.mgh.harvard.edu/oligopicker/index.html
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Trial oligo set

Super Amine slide (Telechem)
35% - 40% relative humidity
Cy3 = leaf mMRNA, Cy5 = bud mRNA

Telechem printing buffer

Full Moon printing buffer

gene B - 50mer
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Global Brassica oligo design

 Two phase automated bioinformatics analysis:

e Phase l

— Focus on sequences with homology to Arabidopsis at the
nucleotide level and identify Brassica gene family members

— Should produce oligos with better sensitivity and specificity than
corresponding Arabidopsis oligo

e Phase 2

— Focus on sequences without homology to Arabidopsis at the
nucleotide level but have homology at protein level to
Arabidopsis or GenBank database representing other species

— Provide Brassica specific oligos

Agriculture and Agriculture et
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Final set

e 18,000 Brassica 50mer oligos designed:
— 16,000 unique, 2,000 cross-hybridizing
* Oligos screened based on annotated function:

— Removed sequences associated with ribosome
components, nucleotide metabolism and cellular
respiration

e 15,000 sequences sent for synthesis.
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