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Technical Brief

Evaluation and optimization of procedures for target labeling and
hybridization of cDNA microarrays

Jindan Yu,**Mohammad I. Othman,! Rafal Farjo,* Sepideh Zareparsit Sean P. MacNeé Shigeo Yoshida Anand
Swaroop?

Purpose:To evaluate and optimize methods of target labeling and microarray hybridization using eye gene microarrays.
Standardized protocols that consistently produce low background and high intensity hybridization with small amounts of
starting RNA are needed to extract differentially expressed genes from a pool of thousands of unaltered genes.
Methods: Two identical aliquots of RNA from P19 cell line were labeled with Cy3 or Cy5 dyes using four different
methods and self-against-self hybridization was performed on mouse eye gene arrays. The validity and reproducibility of
these protocols were further examined using target RNAs isolated from wild-type or neural retinal leucin&djpper (
knockout mouse retinas. Hybridizations were also carried out on human gene array slides with different amounts of
starting RNA from human retina.

Results:Using self-against-self hybridization, we optimized the protocols for direct labeling (R-square = 0.93), aminoallyl
indirect labeling (R-square = 0.97), Genisphere 3DNA labeling (R-square = 0.96), and for microarray hybridization and
washing. Although small amounts of initial RNA can be used in TSA method, inconsistent labeling was encountered under
our experimental conditions. When retinal RNA targets fNn'* andNrl”- mice were tested by direct and aminoallyl
indirect labeling protocols, both produced varying hybridization results with low intensity spots and non-uniform back-
grounds. However, the Genisphere 3DNA labeling procedure consistently yielded strong hybridization and R-square
values of 0.92 or higher. Furthermore, expression profiles were compatible with prior knowledge of this mouse model.
Serial analysis of hybridizations with various starting amounts of RNA showed that the Genisphere 3DNA protocol could
produce reliable signal intensity withug of total RNA.

Conclusions:We have systematically evaluated and optimized methods for target labeling, microarray hybridization and
washing. These procedures have been used for expression profilingugit Starting RNA. Our studies should encour-

age further use of microarray technology for gene profiling during eye development and in retinal diseases.

Microarray technology is widely utilized for disease di- microarray data and to control experimental variations [20-
agnostics [1,2], candidate gene identification [3,4], expres22], high quality input images are still the prerequisite for
sion profiling [5,6], and pathway constructions [7,8]. Appli- obtaining significant new output. This requires reproducible
cations of this relatively new approach in vision research angrocedures for labeling of cDNA targets, prehybridization,
rapidly growing with exciting prospects. Downstream targetdybridization, and washing of slides to consistently generate
of the photoreceptor homeobox g&re have been described high intensity and low background images (high signal-to-
by applying a small set of cDNA microarrays Grx* and  noise ratios). A number of protocols, including direct and in-
Crx" mouse models [9]. Expression profiles of specific eyealirect labeling of cDNA targets, have been utilized in differ-
tissues [10], retinal diseases [11], or biological processesnt laboratories [23] or by various vendors (Genisphere,
[12,13] have been examined. To enlarge the repertoire of eyatfield, PA; Perkin-Elmer, Boston, MA). However, a careful
(particularly retina) expressed genes and to enhance the mnd systematic evaluation of these protocols has not been de-
tential use of cDNA microarray technology in vision researchscribed, especially using slide microarrays. Furthermore, many
a large amount of ESTs expressed in eye and retina have bedthese techniques require ovendof starting RNA, which
sequenced [14-17] and eye gene microarrays generated [1&}akes it difficult to perform multiple microarray experiments

Owing to its high-throughput nature, cDNA microarray when using eye tissues.
technology is vulnerable to systematic variations introduced Wehave produced mouse eye and human retinal pigment
during experimental processes [19]. Although a number of stapithelium (RPE) gene microarrays at the Sensory Gene
tistical algorithms have been developed to normalizeMicroarray Node, Kellog Eye Center, University of Michi-
gan. Using several batches of slide microarrays, we have evalu-
Correspondence to: Anand Swaroop, PhD, University of M,Ch,ganated available protocols for labeling, hybridization and wash-
W. K. Kellogg Eye Center, 1000 Wall Street, Ann Arbor, MI, 48105. ing. In addition, we investigated the minimum amount of start-
Phone: (734) 615-2246; FAX: (734) 647-0228; email:ing RNA needed to yield reproducible results using the pre-
swaroop@umich.edu ferred Genisphere 3DNA labeling method.
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H2500 slides to estimate the minimum amount of RNA re-

METHODS quired for use with the Genisphere 3DNA labeling method.
Generation of eye gene microarrays. Two cDNA libraries Cell culture, tissue preparation and RNA isolation: P19,
were constructed from mouse eyes at embryonic day 15.5 aaderatocarcinoma cell line derived from an embryonic carci-
postnatal day 2.5, respectively, and a third from adult retinas.oma induced in a C3H/He strain mouse, was cultured in al-
The cDNA clones were isolated, amplified, and printed ontpha MEM (Sigma, St. Louis, MO) with ribonucleosides and
Corning CMT-GAPS slides (Corning Inc., Corning, NY), asdeoxyribonucleosides adjusted to contain 1.5 g/L sodium bi-
previously described [18]. Two sets of mouse eye gene acarbonate, supplemented with 10% fetal bovine serum and
rays, M2500 and M6000, were generated, containing nearly.5uM retinoic acid (Sigma) at 37C in a humidified atmo-
2500 or 6000 cDNAs, respectively, that were randomly printedphere of 5% CQ Cells in tissue culture plates were washed
in duplicate. M2500 arrays were used to optimize microarrawith ice-cold PBS, and homogenized in Trizol (Invitrogen,
procedures by self-against-self hybridization, while M6000Carlsbad, CA) for RNA isolation.
arrays were hybridized with two different RNA targets to vali
date the optimized methods in identifying differential expres-
sion. To generate human microarrays, ESTs were obtained from
two cDNA libraries constructed from native human RPE [14].
Slide arrays containing over 2500 of these clones (called
H2500) were printed in duplicate as replicated super-grids. A

B
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Retinas fromNrl** andNrl”- mice [24] were dissected at gel electrophoresis. High quality RNAs with A260/A280 ra-
postnatal day 21. Animals utilized in this study were handletio over 1.9 and intact ribosomal 28S and 18S RNA bands
as approved by the University Committee on Use and Care ofere utilized for the microarray experimentation.

Animals (UCUCA, Ann Arbor, MI). Dissected retinas were Direct labeling of cDNAtargets: The direct labeling meth-
immediately frozen on dry ice and kept in <8freezer until  ods for fluorescent cDNA targets were reported previously
use. [18] (Figure 1A) and are briefly summarized as follows. A

Two pairs of human eyes, one from a 46-year-old donomixture of 10ug total RNA and 219 oligo-dT in a total vol-
and the other from a 24-year-old donor, were obtained fewme of 223ul was heated to 7CC for 10 min and chilled on ice
hours after death from the Michigan Eye Bank (Ann Arborfor 4 min. A reverse transcription labeling mixture ofil8
MI) and the National Disease Research Interchange (Philavas added to RNA to provide a final concentration ofiRb
delphia, PA), respectively. The donor eyes were acquired faATP, 25uM dGTP, 25uM dTTP, 12.5uM dCTP, 10 mM
research purposes with family consent and processed in co®T T, 1X first-stand buffer, 400 U SuperScript I, 40 U RNase
pliance with University of Michigan regulations. The retinainhibitor, and 12.5uM Cy3-dCTP or 25uM Cy5-dCTP
was dissected from the eye, rapidly frozen on dry ice, anfAmersham, Piscataway, NJ). The reaction was incubated at
kept at -8C°C. 42°C for 2 h to generate fluorescent-labeled cDNA. Starting

Total RNA was isolated using Trizol reagent (Invitrogen) RNA template was removed by adding 2 U RNase H and 10
and further purified by RNeasy kit (Qiagen, Valencia, CA).ug RNase A, followed by incubation at 3Z for 15 min. Cy3
Purity and RNA integrity were evaluated by absorbance at
260 nm and 280 nm, and by denaturing formaldehyde agarose
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Figure 2. False color overlaid images. Cy3 (green) and Cy5 (red)
images of a sub-grid of M2500 slides after self-against-self hybrid-
ization were overlaid to show relative expression of each spots in
both channels. False color overlaid images of Cy3 (green) and Cy5
(red) channels of a sub-grid from self-against-self hybridization us-
ing M2500 slides. In botA(direct labeling) an@ (aminoallyl indi-

rect labeling), higher intensity in Cy5 was detected for spots that
have low hybridization. Genisphere 3DNA indirect labeli@ygro-
duced primarily yellow overlaid images for abundant genes and low
signal in both channels for low hybridization spots, indicating equal
incorporation of dyes.
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or Cy5-labeled cDNA targets were mixed together, purified  MICROMAX Tyramide Sgnal Amplification (TSA) label-
using QIAquick PCR purification kit (Qiagen, Valencia, CA) ing of cDNA targets: This labeling was carried out using
and concentrated to 10. Blocking reagents, includingig MICROMAX TSA Labeling and Detection Kits (Perkin-
poly(A) RNA (Sigma), 2ug mouse Cot-1 DNA (Invitrogen), Elmer, Boston, MA) as previously described [25], except that
1 ug yeast tRNA (Invitrogen), and 1@ salmon sperm DNA 2 pug total RNA was used for each of the biotin or dinitrophenyl
(Invitrogen) were added to the labeled cDNA, followed bylabeling.
the addition of an equal volume of 2X hybridization buffer Genisphere 3DNA indirect labeling of cDNA targets:
(50% formamide, 10X SSC, 0.2% SDS). Labeling of total RNA using this method is outlined in Figure
Aminoallyl indirect labeling of cDNAtargets: Anumber  1C, and was performed using 3DNA Submicro Expression
of protocols for aminoallyl indirect labeling (Figure 1B) were Array Detection kit according to manufacture’s protocol
evaluated. The method we used is as follows. Brieflyyd0 (Genisphere, Hatfield, PA). Briefly, total RNA was reverse
total RNA and 5.9 oligo-dT primers were mixed to a final transcribed using reverse transcription (RT) primers tagged
volume of 18.4ul, incubated at 70C for 10 min and shap- with either Cy3 or Cy5 specific 3DNA capture sequence. The
cooled in ice. Reverse transcription labeling mixture (i).6 synthesized tagged cDNAs were then fluorescent labeled by
was then added to RNA to obtain a labeling reaction, contairGy3-3DNA or Cy5-3DNA based on the complementary of
ing 0.5 mM dATP, dCTP, dGTP, 0.3 mM dTTP, 0.2 mM capture sequence with 3DNA capture reagents.
aminoallyl-dUTP (aa-dUTP), 400 U SuperScript Il, 10 mM Microarray hybridization and signal detection:
DTT, and 1X first strand buffer. This mixture was incubatedMicroarray slides were prehybridized in buffer containing 5X
at 42°C for 3 h or overnight to generate aminoallyl-labeledSSC, 1% Bovine Serum Albumin and 0.1% SDS at 4250
cDNA. To hydrolyze RNA template, 10 1 M NaOH and 10 for 1 h and washed by dipping five times in distilled water.
pul 0.5 M EDTA were added to the reaction and incubated athe slides were then dipped in isopropanol for 1 s and centri-
65 °C for 15 min. The reaction was neutralized by2% M  fuged at 1000 rpm for 2 min to dry in 50 ml un-capped centri-
Tris-HCI (pH 7.5). Unincorporated aa-dUTP and free aminefuge tubes.
were removed by QIAquick PCR purification kit (Qiagen) and  The direct or aminoallyl indirect labeled targets were
the sample was then vacuum dried. Aminoallyl-cDNA pelletheated at 95C for 5 min, snap-cooled on ice for 30 s, and
was resuspended in 4160.1 M sodium carbonate buffer (pH applied to prehybridized slide in a CMT-Hybridization cham-
9.0) and coupled with Cy3 or Cy5 monoreactive dyeber (Corning Inc., Corning, NY). Genisphere 3DNA labeled
(Amersham) prepared in DMSO for 1 h at room temperaturtargets were incubated at 75-8Dfor 10 min, followed by 50
in the dark. Uncoupled dyes were removed by QIAquick PCRC for 20 min before applied to prehybridized slide. A 22 x 60
purification kit (Qiagen). Cy3 and Cy5 labeled cDNA targetsmm coverslip (Grace Bio-Lab, Bend, OR) was cleaned with
were mixed, vacuum dried and resuspended il @assHyb  compressed air and then gradually placed on the slide to form

(Clontech, Palo Alto, CA). a thin layer of labeled targets. To maintain humidity inside the
3DNA
1000000 -
Figure 3. Scatter plot of self-
against-self hybridization.
100000 —= Genisphere 3DNA labeled
targets were hybridized to
M2500 slides, containing
10000 over 5000 spots. The scatter
plot indicates a majority of
%, 1000 spots lie within 2-fold lines.
Linear regression of data
shows an Rvalue of 0.96.
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chamber, 1Qul DEPC water was added to the two reservoir  The hybridized slides were scanned with Affymetrix 428
wells. The chamber was then tightly sealed and incubated stanner (Affymetrix, Santa Clara, CA) using appropriate gains
42-50°C water bath overnight for 16-20 h. Slide was thenon the photomultiplier tube (PMT) to obtain the highest inten-
removed from the chamber, washed for 10 min sequentiallgity without saturation. A 16 bit TIFF image was generated
in 2X SSC/0.2% SDS buffer, 2X SSC buffer and 0.2X SSGor each channel, Cy3 and Cy5.

buffer, rinsed in distilled water for 5 s, and dried by centrifu-

gation at 1000 rpm for 2 min.
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Figure 4. Scatter plots of two target hybridization. Two different targets, labeled using RNA eithirfraivild-type) orNrl* mice retina,
were hybridized to M6000 slides, which contains over 13000 spots. The graphs on the left represent data generated A ditmetidg R
* mouse retina by Cy3 and RNA froNrl”- mice retina by Cy5, while the graphs on the right was created by dye flip-over hybridizations.
Similar scatter plots were observed betwdeandB(direct), andC andD (aminoallyl indirect), although a reverse pattern was expected for
dye flip-over experiments (as shownkrandF with Genisphere 3DNA method). Furthermore, the Genisphere 3DNA method results in a
higher R value of 0.92 in botlE andF, compared to 0.4 iA, 0.6 inB, 0.8 inC, and 0.6 irD.
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Image extraction and data analysis: Scanned images for of determination (Rvalue) was calculated to indicate how
Cy3 and Cy5 were then overlaid with GLEAMS softwarewell Cy5 and Cy3 intensities fit in this linear relationship.
(NuTec, Atlanta, GA). This software utilizes auto-segmenta-
tion and edge detection to calculate spot intensities and back- RESULTS & DISCUSSION
grounds. Signal-to-noise ratios (SNR) were calculated as th@ptimizing microarray procedures using self-against-self hy-
mean pixel intensity over the intensity standard deviation fobridization: In order to perform self-against-self hybridiza-
all pixels in a spot. For each slide, an Excel-type spreadshe@n, total RNA isolated from P19 cell line [26] was divided
was generated for further analyses. Spots with backgroundito 2 aliquots that were labeled with Cy3 and Cy5 dyes, re-
subtracted intensity lower than 100 in either Cy3 or Cy5 charspectively. Since both dye-labeled samples were identical,
nel were filtered out. Global normalization was then appliedhese hybridizations should ideally produce similar intensi-
to correct artifacts caused by different dye incorporation ratetges in both channels for every spot. Global normalization was
or scanner settings for two dyes. Scatter plots in log scale weapplied to normalize Cy5 intensity against Cy3, based on the
performed to visualize fold changes between two channels lassumption that total intensity of Cy5 channel is equal to that
plotting background-subtracted Cy5 intensity against Cy3, witlof Cy3. This approach was adapted to account for different
parallel fold lines across data points. A linear regression (uslye incorporation ratios, various scanning scales, and other
ing the data without the logarithmic transformation) trend-linesystematic variations. The normalized data should produce a
with intercept at origin was applied to the scatter of back€y3 and Cy5 overlaid false color image of primarily yellow
ground-subtracted Cy5 and Cy3 intensities and the coefficiemtnd a scatter plot with the majority of spots having Cy3 inten-
sity similar to Cy5. The four labeling methods were tested
multiple times using M2500 slides and modified repeatedly
to achieve the best possible results with slide microarrays.

The TSA method gave inconsistent labeling with either
Cy3 or Cy5 in 3 trials of self-against-self hybridizations. We
opted not to use this method because of time consuming post-

' hybridization manipulations and bias generated by signal am-
plification that may cause inconsistency.
A number of direct cDNA fluorescent labeling protocols,
including those developed by Microarrays Inc. (Nashville, TN),

3

2
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Corning microarray technology (Corning Inc.), Amersham
(Piscataway, NJ), and The Institute for Genomic Research
(TIGR, Rockville, MD) [23], were evaluated by hybridizing
|I[l\[|h[in. i IL P19 (Cy3) against P19 (Cy5) RNAtargets using M2500 slides.
Y "?J:L‘“',\g Y YV Y v Various blocking reagents, hybridization buffers, and wash-
SawHondieRatios || LT ing conditions were also tried to produce optimal hybridiza-
tion with highest intensity and lowest background. Overlaid
images of Cy3 and Cy5 showed mostly yellow spots, although
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v h] :333 for low intensity spots preferential incorporation of Cy5 was
8 D 2ug observed (Figure 2A). The scatter plots demonstrated that 95%
. :;‘E‘g of spots lie within -2 and +2 fold lines [18].
1 0.25ug Since Cy3 and Cy5 have different incorporation rates in
25 direct labeling methods, aminoallyl indirect labeling proto-
nl cols were examined. A protocol from TIGR consistently

yielded low background and high intensity hybridizations in
4 self-against-self experiments using M2500 arrays; however,
“ b for low hybridization spots, signals from Cy5 channel were

still slightly higher than Cy3 (Figure 2B). Scatter plot analy-

sis of these slides showed regression witbf0.97 [18].
i“| H|H I |I| ! 3DNA indirect fluorescent labeling method utilizes DNA
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Signal-to-noise Ratios
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dendrimer probes that include a “capture sequence,” which is
complementary to 5'-end sequence of either Cy3 or Cy5 tagged
RT primers. Self-against-self hybridizations using cDNA tar-
Figure 5. Signal-to-noise ratio (SNR) for serial hybridization. His-gets labeled by 3DNA method produced mostly yellow over-
togram of SNR were constructed for all spots detected in a series Rid images of Cy3 and Cy5 (Figure 2C) with tight scatter
hybridizations performed with different amounts of starting RNA: S.plots (Figure 3). Furthermore, for low hybridization spots, it

3,2, 1,05, and 0.2fg. A: With higher amounts of RNA, fewer oy ced low signals for both channels, reflecting equal in-
spots have SNR lower than ZB. Targets derived from 3-fg of P . g . ’ 9 €q
corporation of dyes (Figure 2C).

total RNA resulted in more spots with higher SNR.
135



Molecular Vision 2002; 8:130-7<http://www.molvis.org/molvis/v8/a18> © 2002 Molecular Vision

Validation of labeling methods using two different RNA  supported by grants from the National Institutes of Health
targets: Optimized protocols for direct, aminoallyl indirect, (EY11115, including administrative supplement, EY07961,
and Genisphere 3DNA methods were used to label retinaind core EY07003), the Foundation Fighting Blindness, the
RNAs fromNrl** mice by Cy3 andNrl”- mice by Cy5. The Macula Vision Research Foundation, and Research to Prevent
labeled targets were then hybridized to M6000 arrays to idetlindness (RPB). A.S. is a recipient of a Lew R. Wasserman
tify differentially expressed genes. Since only a specific set dflerit Award from RPB.
genes are altered in thiel"mice retina relative tbrl** [24],

a tight scatter plot with few outlier spots is expected. Scatter REFERENCES

plot analysis was applied to normalized data from three hyt. Pomeroy SL, Tamayo P, Gaasenbeek M, Sturla LM, Angelo M,
bridizations utilizing the same batch of RNA labeled with dif- ~ McLaughlin ME, Kim JY, Goumnerova LC, Black PM, Lau C,
ferent techniques (Figure 4A,C,E). Both direct and aminoallyl ?L'\efl‘o gc’ifigﬁgkaé?e'zog JR'\:'f’k i(;ugag;”'f;/xztxors‘io%viffe'
indirect labeled targets generated hybridization results with G,,Lou?sgDN,’MesirovJJP, Lhnder ES, Golub TR.’Prediction){)f
uneven background and scatter plots showed regression with

. central nervous system embryonal tumour outcome based on
2 -
R?less than 0.9. On the other hand, Genisphere 3DNA label gene expression. Nature 2002; 415:436-42.

ing protocol consistently produced results with 0.92&-  » gorlie T, Perou CM, Tibshirani R, Aas T, Geisler S, Johnsen H,
ues. Furthermore, outlier spots generated by this method iden- Hastie T, Eisen MB, van de Rijn M, Jeffrey SS, Thorsen T, Quist
tified genes that were shown to be differentially expressed in  H, Matese JC, Brown PO, Botstein D, Eystein Lonning P,
the two RNAs [24]. Flip-over hybridizations, with RNA from Borresen-Dale AL. Gene expression patterns of breast carcino-
Nrl** mice retina labeled by Cy5 and RNA frdwnl” mice mas distinguish tumor subclasses with clinical implications. Proc
retina by Cy3, showed that both direct and aminoalyl indirect NS‘“ A?(??\BC:?U SbA ﬁol\(/)ll;vl98ilo869'74- eis and o
labeling have signals biased to Cy5 (Figure 4B,D). Dye flip=>- V'c-ona » Rosbash V. Vicroarray analysis and organization

9 . 9 - . y5 (Fig ). Dye flip of circadian gene expression in Drosophila. Cell 2001; 107:567-
over experiments using Genisphere 3DNA method generated

. R . . 78.
flip-over scatter plots indicating equal incorporation of Cy3, Bulyk ML, Huang X, Choo Y, Church GM. Exploring the DNA-
and Cy5 _d)_/es' (F|gl'1re 4_F)- binding specificities of zinc fingers with DNA microarrays. Proc
Hybridization with different amounts of total RNA: To Natl Acad Sci U S A 2001; 98:7158-63.

empirically estimate the lowest amount of RNA required fors. Pollack JR, Perou CM, Alizadeh AA, Eisen MB, Pergamenschikov
high quality hybridization, a series of self-against-self hybrid- A, Williams CF, Jeffrey SS, Botstein D, Brown PO. Genome-
izations were performed using H2500 slides with 0.25, 0.5, 1, Wide analysis of DNA copy-number changes using cDNA
2, 3, and Jug starting RNA isolated from two pairs of human _ microarrays. Nat Genet 1999; 23:41-6. _
retinas. The target RNAs were labeled by the Genispheﬁé Eisen MB, Spellman PT, Brown PO, Botstein D. Cluster analysis

. - and display of genome-wide expression patterns. Proc Natl Acad
3DNA method. In spite of the six different RNAamounts used, ¢ /g 'a 1998: 95:14863-8.

high R’Z scatter plots were consistently obtained |nd|cat|pg7. Pilpel Y, Sudarsanam P, Church GM. Identifying regulatory net-
equal incorporation of Cy3 and Cy5 dyes. However, hybrid-  \yorks by combinatorial analysis of promoter elements. Nat
izations with less than j2g of RNA produced relatively low Genet 2001; 29:153-9.
and variable spot intensities. In addition, the use pf ®r 8. lyer VR, Eisen MB, Ross DT, Schuler G, Moore T, Lee JC, Trent
more total RNA resulted in higher signal-to-noise ratios (Fig-  JM, Staudt LM, Hudson J Jr, Boguski MS, Lashkari D, Shalon
ure 5). D, Botstein D, Brown PO. The transcriptional program in the
In summary, we have evaluated and optimized protocols response of human fibroblasts to serum. Science 1999; 283:83-
fqr'fluorescent Iabel'lng of cDNAtargets and hybrldlzgtlon cony Livesey FJ. Furukawa T, Steffen MA, Church GM, Cepko CL.
ditions for cDNA microarray experiments. Four major label- Mi . e
. . . . . . - icroarray analysis of the transcriptional network controlled
ing techniques, including dlrgct, amlpoallyl indirect, TSA, and by the photoreceptor homeobox gene Crx. Curr Biol 2000;
3DNA method, were examined using mouse eye arrays or  19:301-10.
human RPE arrays. The Genisphere 3DNA labeling methoty. jun AS, Liu SH, Koo EH, Do DV, Stark WJ, Gottsch JD.
produced superior and consistent results in both self-against- Microarray analysis of gene expression in human donor cor-
self andNrl** versusNrl”- mice retina RNA hybridizations. neas. Arch Ophthalmol 2001; 119:1629-34.
This procedure was found to be less time consuming and moté- Joussen AM, Huang S, Poulaki V, Camphausen K, Beecken WD,
robust. We believe that these protocols can serve as templates g_'“;hft“’f Blv Adatmo's ﬁ;’; 'P V"l’?/_re“sné_"z%eo”le i’;p?:gZS?'OS”?'” early
H ; H H i lapetes. Inves P almol VIS SCI ) : -of.
for .researchers.that intend to use slide microarrays for mvesti 2. Cavallaro S, Schreurs BG, Zhao W, D'Agata v, Alkon DL. Gene
gating expression changes during eye development and dis- ; , : o
expression profiles during long-term memory consolidation. Eur
ease. J Neurosci 2001; 13:1809-15.
13. Shelton DN, Chang E, Whittier PS, Choi D, Funk WD. Microarray
ACKNOWLEDGEMENTS analysis of replicative senescence. Curr Biol 1999; 9:939-45.
Wethank Dr. Alan Mears for constructive discussions and Ms14. Buraczynska M, Mears AJ, Zareparsi S, Farjo R, Filippova E,
Sharyn Ferrara for administrative assistance. Thanks are also Yuan Y, MacNee SP, Hughes B, Swaroop A. Gene expression
due to the staff of the Michigan Eye Bank (Ann Arbor) and  profile of native human retinal pigment epithelium. Invest
the National Disease Research Interchange (Philadelphia) for Ophthalmol Vis Sci 2002; 43:603-7.
their help in obtaining human donor eyes. This research was
136



Molecular Vision 2002; 8:130-7<http://www.molvis.org/molvis/v8/a18> © 2002 Molecular Vision
15. Mu X, Zhao S, Pershad R, Hsieh TF, Scarpa A, Wang SW, Whit21. Kerr MK, Churchill GA. Bootstrapping cluster analysis: assess-
RA, Beremand PD, Thomas TL, Gan L, Klein WH. Gene ex- ing the reliability of conclusions from microarray experiments.
pression in the developing mouse retina by EST sequencing and Proc Natl Acad Sci U S A 2001; 98:8961-5.
microarray analysis. Nucleic Acids Res 2001; 29:4983-93.  22. Yang YH, Dudoit S, Luu P, Lin DM, Peng V, Ngai J, Speed TP.
16. Sinha S, Sharma A, Agarwal N, Swaroop A, Yang-Feng TL. Ex-  Normalization for cDNA microarray data: a robust composite
pression profile and chromosomal location of cDNA clones, method addressing single and multiple slide systematic varia-
identified from an enriched adult retina library. Invest tion. Nucleic Acids Res 2002; 30:e15.
Ophthalmol Vis Sci 2000; 41:24-8. 23. Hegde P, Qi R, Abernathy K, Gay C, Dharap S, Gaspard R, Hughes
17. Gieser L, Swaroop A. Expressed sequence tags and chromosomal JE, Snesrud E, Lee N, Quackenbush J. A concise guide to cDNA

localization of cDNA clones from a subtracted retinal pigment microarray analysis. Biotechniques 2000; 29:548-50,552-4,556-
epithelium library. Genomics 1992; 13:873-6. 62.

18. Farjo R, Yu J, Othman MI, Yoshida S, Sheth S, Glaser T, Bael#4. Mears AJ, Kondo M, Swain PK, Takada Y, Bush RA, Saunders

W, Swaroop A. Mouse eye gene microarrays for investigating  TL, Sieving PA, Swaroop A. Nrl is required for rod photorecep-
ocular development and disease. Vision Res 2002; 42:463-70.  tor development. Nat Genet 2001; 29:447-52.

19. Kerr MK, Martin M, Churchill GA. Analysis of variance for gene 25. Yoshida S, Yashar BM, Hiriyanna S, Swaroop A. Microarray

expression microarray data. J Comput Biol 2000; 7:819-37. analysis of gene expression in the aging human retina. Invest
20. Tseng GC, Oh MK, Rohlin L, Liao JC, Wong WH. Issues in Ophthalmol Vis Sci. In press 2002.

cDNA microarray analysis: quality filtering, channel normal- 26. Jones-Villeneuve EM, McBurney MW, Rogers KA, Kalnins VI.
ization, models of variations and assessment of gene effects. Retinoic acid induces embryonal carcinoma cells to differenti-
Nucleic Acids Res 2001; 29:2549-57. ate into neurons and glial cells. J Cell Biol 1982; 94:253-62.

The print version of this article was created on 28 April 2002. This reflects all typographical corrections and erraticte theoagh that
date. Details of any changes may be found in the online version of the article.

137



