Microarray Printing, Design and Controls
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TEMPLATE PREPARATION
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Single band/clone
Yield > 2 ug/PCR reaction
Size of insert

Template preparation:gelqc



Comparison of PCR Product Purification Methods
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PCR PRODUCT Clean-up



CLONE TRACKING
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ARRAY SPOTTER

+/- 2.5 micron accuracy
100 slides capacity

74 plates capacity

Multiple pin types/brands
Up to 48 pins

Blotting Capability
Sample Tracking
Humidity control/HEPA

OmniGrid from GeneMachines

Array Spotter



Blotting pad A&

Array Spotter 11



FACTORS AFFECTING SPOT MORPHOLOGY

Slide surface chemistry Sample DNA viscosity Dwell time
Printing solution Pin tip quality Speed of pin removal




Print Pin Wash Optimization

Sonicate, 2000ms
Loop, X times
Wash #1, 2000ms
Dry, 2000ms
Endloop

SAMPLE

BUFFER

SAMPLE
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SAMPLE = 500 ug/ml Salmon Sperm DNA
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Print Pin wash



PRINTING SOLUTION vs SLIDE CHEMISTRY

2XSSC 50%DMSO
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Aminosilane
(Corning GAPS 1)

g

SuperAldehyde

(Telechem)

Signal Intensity: SS Concentration:
: 125 ug /10 ul
White > red > green > blue J

Print solution vs slide |




TestArray spot morphology (50% DMSOQO)
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Corning GAPS US Bio-one

Print soln vs
slide Il



SPOT MORPHOLOGY

EFFECT OF RELATIVE HUMIDITY
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PRINT SPACING

Pin Spacing

384-well plate: 4.5mm

96-well plate: 9mm

Spot Spacing

Center-to-center

Pin List Diameter

Seen Diameter

SMP3 | 90-100um

120-140pm

SMP7 200-220um

430-450pm

Array Spacinq

At least the same as spot

spacing

ADAPTED FROM A TORREY MESA SLIDE

Array 1

<
<

Array 2

Print Spacing
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10 vs 20 spots






CLONE TRACKING
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Printing Plate Slide

Clone Tracking



ROW cCoL GENEBANK NO.
1 1 Cankrall
1 2 Cankrall
1 3 Cantral2
1 4 Cantral2
1 5 Control3
1 =) Coantrald
1 T Contrald
1 [ Coantrald
1 k=) Cantrals
1 10 Cantrals
1 11 Cantral
1 12 Cantral
1 13 Coantral?
1 14 Control?
1 15 BE333237
1 16 BES33675
1 17 EES33200
1 15 EBE333612
1 13 EE333252
1 20 EEZ33552
1 21 EEZ33230
1 22 EES33566
1 23 EES33564
1 24 BE333365
2 1 Coankrall
2 2 Coankrall
2 ] Cantral2
2 4 Cantral2
2 5 Cantrald
2 & Canktrald
2 T Contrald
2 -] Cantrold
2 3 Controls
2 10 Coantrals
2 11 Coantralf
2 12 Cantralé
2 13 Coantral?
2 14 Coantral?
2 15 EE455525
2 16 EE424540
2 17 EE4254E2
2 15 EE424540
2 13 BEGIS053
2 20 BE4243356
2 21 EE433531

GENELIST

EST CLONE ID
Actin
Ackin
Tubulin
Tubaulin
0% OrAE0
S0% ORAE0
S0% ORAE0
0% ORAE0
P
P
2R3
2R3
Salmeon Zperm OMA
Falmon Sperm DA
‘wHEDDS2 EQSF 330514
“WHEQO33.E12F 330516
"WHEQOZ1.HOSF 330514
wWHEDDSE. GO4F 330516
wWHEDDS4, AQ4F3A0516
wWHEDD4.ADEFAT0TOS
wWHEDDS4 ED2F 330516
“WHEQOD41.E10F 330703
“WHEQOZS.COTF 330516
‘WwHEQD4 4. C10F330602
Ackin
Ackin
Tubulin
Tubulin
0% ORAE0
0% OIS0
0% OIS0
0% OIS0
=M
=P
ZP3
ZP3
Zalmen Eperm DM A
Zalmen Eperm DM A
WwWHEIOTSE_GO3_MOEBZE
WHEQOOES_D10_G132%
wWHEDDES_D03_G1528
"WHEQDSE_FOT_L14Z%
"wHED335-0335_EO
"WHEDDSE_AQS_AODGZS
"WHEQAE2_F0a_LIsZ%s

LOCATOR BLAETHN
3052 0D0&_HI6 | WHTGLIAEG
3035 C1_F21  HYTRYPINH
033 A05_ A03 0 ACO04142
2035 F10_L13 ACO05605
033 B0S_C03 TAUTESSS
A035_HO4_ POT | CELTIZHIZA
A03E_C10_E13 ACO0SE5T
ANGE. BOS_ DOG . HYLI43505
A0EE_E10_13 ALEEEEES
0530 G005 M3, T ACOS4T2T
A045_a07
A045_A08
023 Fo4_ Lo7 RICGAT
A045_A03

anz4_ A0_E20 ARYOI0454
A045_A10

J024_ O3 HOG
A045_a1

RICRPL3A

BLASTH BE:T HIT EZCORE E-YAL

“Wheat [T.aestivam] alpha-YWheta-c 402 110
H.yulgare mRMA For krypsin inhibi 353 =104
Home sapicns BAC clone CTE-110 441 0054

Triticum aestivum alpha-tubulin mF 523 =145
Cacnorhabditiz cleqans cozmid 441 0047
Homa sapicns chromaszome 5 clan 4001 0.33
Hardeum vulgar: profilin [Hypral] 464 3 =
Human D& sequence From clan: 421 025
Papio hamadryas clon: RP41-120M 401 035
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AElqb|AF 256320 |AF 256320 Triticum aestivum qranl

AEIqE|AFMTIE2 A|AFOITSE2 Oryas sativa aldalase m%
Rice [TE426] mBMNA, compleks o F13 4 00E-53
AElgb|AF 250606 1|AF 250606 Triticum acstivam n:hrn-:-I
Alopecurus myosurcides mENAF 36T 4.00E-33
ABEIAE|DE3302 033302 Oryaa sativa mBMNA For -:Iorl
Rice mRMA for ribosomal protein 470 =130

AENqEU0A450 110EU03450 Oryas sativa cnalase rnFIDl
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1 Control
2| Controll

3 Contrall

4 ControlZ
5 Control2
E Control2
7 Control3
8 Control3
9 Control3
10 Controld
11 Controld
12 Controld
13 Controls
14 Controls
15 Controls
16| Controle
17 | ControlB
18 Controla

1 Contral?
2 Control?
3 Control?
4 BE399575
5 BE399G575
6 BE399575
7 BE399512
g BE399512
9 BE399512
10 BE399352
11 BE399352
12 BE399352
13 BE399365
14 BE399365
15 BE399365
16 BE399965
17  BE399965
18 BE399965

1 RE2Q0AED

CLONE TRACKING

GAL FILE

(Genes on Array List)

GAL




MICROARRAY READER

5-50 um/pixel resolution
Sequential scanning

~5 minutes/scan

S Lasers

Quantarray software

ScanArray 5000XL from PerkinElmer (GSI Lumonics)

Scanner



Control Experimental

’ Control RNA hybridized to probe

‘ Experimental RNA hybridized to probe

O Both Control & Experimental RNA hybridized to probe
® Neither hybridized to probe

Data Collection & Analysis



Power and PMT settings for Cy3 and Cy5 lasers
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- optimal for linearity and saturation

9 - should be avoided if possible

- should not be used

U Toronto Array Facility?

SCANNER II



Separate SIGNAL from NOISE



...to reliably detect a biologically significant
difference Iin expression level.



CONTROL SET

Poly (dA) Negative control, since most spotted DNA are from
EST inserts with polyA

5’-end, middle, 3’'end Relative signal from this control indicate the quality

of a few genes of labeled probe as reflected by length

Genomic DNA from Signal indicates non-specific hybridization to

Salmon, T. aestivum Low-entropy sequences present in some % of cDNA

E.coli, lambda and Negative control test for vector contamination

Plasmid DNA

t-RNA and rRNA Signal indicates extent of labeling of non-poly A+ RNAs
(especially useful when using total RNA for labeling)

Replicate positive controls Spaced throughout the array, especially corners, to

l.e actin orient the grid and to check overall consistency of

array element deposition
Transgene markers Check for transgenic identity
Spiking Controls Test sensitivity, dynamic range and for normalization

Housekeeping genes Act as positive controls, maybe useful for normalization



LIST OF CONTROLS

Constitutive Genes

Tissue-specific Markers

Spiking Controls

Actin

Alpha/Beta gliadin

Sp1l: B-cell receptor prot (IMAGE:1420858)

Alpha-Tubulinl (T. aestivum)

chlorophyll a/b binding complex

Sp2: Myosin Heawy Chain (IMAGE:1593605)

Alpha-Tubulin2

ferredoxin

Sp3: Myosin Reg. Light Chain2 (IMAGE: 1592600)

Alpha-Tubulin3 (H. wilgare )

Gamma gliadin

Sp4: Insulin-like Growth Factor (IMAGE: 1576490)

Cytochrome P-450 monooxygenase HMW glutenin Sp5:FLJ1091fis

EF1-alpha LMW glutenin Sp6:HSPC120

EF1-beta Omega gliadin Sp7:Beta2 microglobulin
EF1-gamma oxygen-ewvolving complex Sp8:Phosphoglycerate kinase (pgkl)
EF2 PS I proteins Sp9:Tyrosine Phosphatase (pac-1)
Enolase PS Il protein Sp10:G10 Homolog (edg-2)

Gluthathione S-transferase |

Rubisco small subunit

Heat Shock protein (hsp70)

Transgenes

Histone 1 Contamination BT: B. Thuringiensis cryl AC

Histone 2 Agrobacterium Genomic DNA BAR: Phosphinothricin acetyitransferase
Histone 3 E. coli DNA GFP: Green Fluorescent Protein
Histone 4 rRNA (25S) Globin: Globin

Lipid Transfer Protein rRNA (18S) GUS: Beta-Glucuronidase (uidA)

Mitochondrial F-1-ATPase subunit 2

HPH: Hygromycin B phosphotransferse

Polyubiquitin

Negative Controls

Luc: Luciferase

Ribosomal protein L3

Triticum aestivum genomic DNA

nptll: Kanamycin/Neomycin phosphotransferase

Ribosomal protein L7

Salmon Sperm DNA

Ribosomal protein S4

30 Campylobacter genes

Ribosomal protein S7

printing solution

S-adenolsylmethionine decarboxylase

blanks

S-adenolsylmethionine synthetase

Ubiquitin

List of controls
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SPIKING CONTROL

add equal amount
of spiking control
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Y SP/SP =1




Hybridization Signal

Hybridization Signal

(feature—background)

(feature—background)

25000

20000

15000

10000

5000

Alien Control DNA

$ Normalization

25000 -

20000 -

15000 -

10000 -

5000

BCy 5
OCy 3

Alien control DNA

HmCy 5
COCy 3

Normalize with SC



SPIKING CONTROL

|. Preparation of Template DNA

pT3

ds DNA clone

300-500 bp ds DNA

Spiking Controls |



SPIKING CONTROL

ll. In vitro Transcription

TTT,
ds DNA
INTPs O < T3 polymerase

O TTT

TTT

/\/\/\/—\AAAn

l remove DNA

Spiking Controls Il



SPIKING CONTROL SET

Spi king Control with CustomPrinmers for In Vitro Transcription €]

Sp01l: B-cell Receptor Protein AF126021
Sp01-F: 5" —GCGCAATTAACCCT CACTAAAGCCCGCGAATCTGTGTTCACC-3’
SpO01-R 5 —TTTTTTTTTTTTTTTTTTTTTTAATGGACGGCAACACTCG-3’

Sp02: Myosin Heavy Chain X13988
Sp02- F: 5" —GCGCAATTAACCCT CACTAAAGGEGAGGAGCAGCTGECGATTGTGG-3'
Sp02-R: 5" =TTTTTTTTTTTTTTTTTTTTTCTCTGTGITCTTCTTCTGCTCTCC-3’

Sp03: Myosin Light Chain 2 M21812
Sp03- F: 5" —GCGCAATTAACCCT CACTAAAGGGT CGGGGAGAAGCTCAAGGG-3’
Sp03-R. 5" =TTTTTTTTTTTTTTTTTTTTTTAGGT CGGECCGAACAGAAG-3’

Sp04: Insulin-like Gowh Factor X07868
Sp04-F: 5’ - GCGCAATTAACCCT CACT AAAGGEGCAAGCGCCCTGTGAGT - 3
Sp04-R 5 -TTTTTTTTTTTTTTTTTTTTTTGGGATTGCAAGCGTTAC 3’

Sp05: FLJ1091fis AKO001779
Sp05- F: 5’ - GCCCAATTAACCCT CACTAAAGCCEGT GAATCCTGAAACAAAGAGACCA- 3°
Sp05-R S -TTTTTTTTTTTTTTTTTTTTTGGECAGACCACAGACATGAAACAGT- 3’

Sp06: HSPC120 AF161469
Sp06- F: 5’ - GCGCAATTAACCCTCACTAAAGCGT TACAGAAAGT TGECGATAGG: 3’
Sp06-R S -TTTTTTTTTTTTTTTTTTTTTAACTCCCATTGCAGAACTTGA- 3’

Sp08: Phosphogl ycerate Ki nase (pgkl) NM_ 000291
Sp08- F: 5’ - GCGCAATTAACCCT CACTAAAGGGTGGAACACGGAGGATAAAG 3’
Sp08-R 5" -TTTTTTTTTTTTTTTTTTTTTTGAGTAGTGAAACAGTGACAAAG: 3’

Sp09: Tyrosi ne Phosphat ase (pac-1) L11329
Sp09- F: 5’ - GCGCAATTAACCCT CACTAAAGGEGGAGGECCGEGEGTGCTGGETG 3
Sp09-R 5" - TTTTTTTTTTTTTTTTTTTTTAAGEGCTTCAACATGGTGGTGGAC 3’

Spl10: GLl0 Honol og (edg-2) Ul1861
Spl0- F: 5’ - GCCCAATTAACCCT CACTAAAGCCAGGATGCCTGCCGAGT TGATTGAG: 3’
Spl10-R 5 -TTTTTTTTTTTTTTTTTTTTTGAAGGGEGT GGCGTGACAGG: 3’

PCR band,
vect or
primers

1324

1180

560

1028

1562

1451

1228

1230

926

PCR band,
custom
primers

342

543

342

576

519

577

504

571

513



SPO01: B-cell receptor protein

1 aagttcgggt ccgtagtggg ctaaggggga gggtttcaaa gggagcgcac ttccgcetgec

61 ctttctttcg ccagccttac

121 gagcggggt a gaggcgggcc
181 cagacat ggc ccagaacttg

241 t cacggc cctgaagctg
361 agcaggacac tatcctggcc

421 ttatctatga cattcgggcc
481 tacagat ggt gaatatctcc
541 gcatgtacca gcgcct aggg
601 aggtgctcaa gagtgtggtg
661 aggtatccct gttgatccgc
721 tggatgatgt ggccatcaca
781 ccaaacaagt ggcccagcag
841 aggaacagcg gcagaaaatt
901 gagaagcact gagcaagaac
961 atatctccaa gacgatcgcc
1021 tgctgaacct acaggatgaa
1081 aat gagccta gtcaccaaga
1141 tgaggagcca gccaggggtc
1201 cccacaccgg ttccctgaac
1261 tgggaaatta ctttcctcct
1321 ctcagtgatt tcctacagtg
1381 ccaggaattc tcaataaatt

gggcccgaac
ggcaccccct
aaggacttgg

ttgctggggyg
gggcacagag
gagggccttec
agacct cgaa
ct gcgagt gt
ct ggact acg
gccaagttca
cgggagct ga
gagct gagct
gaggcccagc
gt gcaggccg
cct ggct aca
acat cacaga
agtttcacca
act ccacccc
cagcacagcc
ccctcttgga
ccctgtgtta
ttgttccctce
tttattactt

cctcgtgtga
t ct gacctcc
cgggacggct
ccggegecgt
ccatcttctt
act t caggat
aaat ctcctc
t gt ct cgacc
agg
at gc
cagagagggc
tt agccgaga
gggcccaat t
agggt gagge
t caaacttcg
atcgtatcta
ggggaagt ga
cagaggaagt
ctaccccgece
tt aaggaaga
act ggggct g
cct caaggct
aacctg

agggt gcagt
agt gccgecg
gcccgecggg

ggcct acggt
caat cggat ¢

cccttggttc
ccct acaggce
caat gct cag

caaggacttc
gt acacagct
cttggt agaa
cgaggct gcc
caagattcga
t ct cacagct
cagcctcatc
ggatctgctt
ccagt at cat
ct gaagact a

tt ggggacag
gggaggagat

acct aagccg
gcct caagat

cagt acccca
t ccaaagacc
gagcttccta
gt caacg
cgggccc
agcct catcc
gct gt agaag
aaagcaaagc
aagat gcttg
gcagcccaga
gacaaccttg
aagggt aaga
ctccagtttt
gcgat ggt cc
gccectttte
tgcgtgattt
aaacaccaac

[ SPO1-F 5-CAA TTA ACC CTC ACT AAA GGG CGC GAA TCT GTG TTC ACC-3’

B sPo1-R5-TTT TTT TTT TTT TTT TTT TTT TAA TGG ACG GCA ACA CTC G-3'

ccee ca
gt%
got

SP1



1
61
121
181
241
301
361
421
481
541
601
661

SP03: Myosin Light Chain 2

ctgactcctt
ggcacccaag
catgttcgac
ccgt gat ggt
caat gt gaag
caccgtcttc
caccggagcc
ggaggagctg
ggcggecttc

ta

gcttctttce
agggccaaga
cagact caga
att at agaca
aat gaggagt
ct gaccat gt
tt caaggt ct
ct gaccacgc
cccecccgacg

g
Cc

agccggtgcc getgecttge
gaaggacagt agcagagggc
t ccaggagtt caaagaggcc
aggaggacct tcgggacacc
a
t
t ggaccct ga gggaaagggc
agt gt gaccg cttctcccag
t gggcggcaa cgt cgact ac
accaggagta ggggcacccg
caccccggct cccaat aaaa

cccccggaga
ggaagct cca
ttcactgtga
ttcgcagcca
gccagcggt ¢
gccgaccct g
accat caaga
gaggagat ca
aaaaacat ct
cgggcct ccg
tttaact gat

ct gaagacat
gcgtcttctc
t cgaccagaa
t gggccgcect
ccat caactt
aggat gt gat
agaagttcct
agaacatgtg
gct acgt cat
ct gcccgacg
ctttgtttct

- SPO3-F 5-CAA TTA ACC CTC ACT AAA GGG TCG GGG AGA AGC TCA AGG-Z
B SPo3-R 5- TTTTTT TTT TTT TTT TTT TTT TAG GTC GGG CCG AAC AGA AG-3'




SPIKING CONTROL

Template preparation In vitro transcription

s SP1 SP3

1 Transcription product
2 After DNAse treatment
3 After purification

Spiking Control 111



Today'’s lab:

AM

Prepare spiking controls

PM

QC Spiking control prep

Tour ES

sequencing lab

Demo microarray printing
Demo use of Scanner
Practice use of Quantarray



In vitro Transcription

Nuclease-free water Spiking Control
5X Txn buffer, DTT, Template DNA
RNAse Inhibitor, INTP, + 1-2.5 ug

T3 Polymerase

Incubate for 1 hour at 37-40 °C

v

Remove template DNA
By DNAse treatment

v

Purify RNA
(RNAeasy kit)

v

Quantify

VT



