
1. INTRODUCTION

Microarray analysis of gene expression has proven to be 

a remarkable tool for biologists, and has the potential to

be widely adopted by clinical researchers. One challenge

to clinical applications has been the need for high quality,

cryopreserved RNA for standard microarray sample label-

ing. Such samples are of limited availability and must be

collected over the course of a disease. In contrast, forma-

lin-fixed, paraffin-embedded (FFPE) tissue samples are

readily available and have the added advantage of known

patient outcomes. However, the poor integrity of RNA

derived from FFPE samples has largely precluded their use

in microarray analysis. Illumina has developed a novel

gene expression assay for microarrays that is capable of

utilizing partially degraded RNA.

The cDNA-mediated Annealing, Selection, extension

and Ligation (DASL) Assay can monitor RNA expression

of up to 1536 sequence targets derived from RNA in FFPE

samples stored up to 12 years. Together with the high-

throughput capability of Illumina’s microarray platforms,

the DASL Assay offers researchers the opportunity to

analyze hundreds to thousands of RNA transcripts

derived from previously collected, preserved samples.

This technical bulletin explains the features of the DASL

Assay, describes its performance for measuring RNA

derived from both fresh-frozen and FFPE samples and

demonstrates its utility in analyzing clinical samples.

2. BEADARRAY™ TECHNOLOGY

At the heart of Illumina’s expression products lies a 

fundamentally different way of building arrays: the 

random self-assembly of microspheres into ordered

microwell substrates. Illumina has used technological

advances in both the fiber-optics and MEMS industries

to build substrates that contain thousands of wells in 

an ordered, addressable pattern. Quantitatively pooled

libraries of beads are then introduced to the etched

microwell substrates. The beads automatically assemble

into the wells, resulting in the highest-density array

platform currently available. To meet the broadest possi-

ble range of researchers’ needs, Illumina has developed

two different Sentrix® products in Array of Arrays™ for-

mats: the Array Matrix and the BeadChip. 

The Sentrix Array Matrix (SAM) uses fiber-optic bundles

comprising nearly 50,000 individual light-conducting fiber

strands that are chemically etched to create a 3 µm well at

the end of each strand. Array bundles are grouped togeth-

er into a 96-array configuration that matches the well

spacing of standard 96-well plates. This unique format

allows users to conduct experiments simply and quickly

on 96 arrays at a time (Figure 1). Moreover, the platform

can be readily incorporated into automation routines with

standard robotic equipment, leading to reduced error,

labor and resource requirements. 

For users with moderate sample throughput demands,

Illumina has introduced the BeadChip format (Figure 1).

This platform, approximately the size of a glass slide,

allows processing of up to 16 samples at a time, and can

be scanned in the same BeadArray Reader as the SAM.

Independent of format, multiple copies of oligonu-

cleotide probes are covalently attached to each bead in

Illumina arrays. Up to 1536 unique probe sequences are

represented in each array, with an average 30-fold redun-

dancy of each bead type. After bead assembly, a

hybridization-based procedure is used to map the array,

which identifies the bead in each well. This final process

validates the performance of each bead type and pro-

vides a level of quality control unmatched in the

microarray industry.
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FIGURE 1: SENTRIX® ARRAY MATRIX AND BEADCHIPS

Sentrix Universal-96 Array Matrix (top left) and Sentrix
Universal-16 BeadChip formats for 96 or 16 samples,
respectively, for use with Illumina’s DASL Assay.



3. THE DASL ASSAY

The DASL Assay monitors gene expression by targeting

sequences in cDNAs with probe groups. Other than the

initial preparation of samples, the core biochemical

approach is the same as that used in the Illumina

GoldenGate® genotyping assay, offering researchers com-

patibility with existing reagents and arrays. The probe

groups are composed of multiple parts. In addition to

gene-specific sequences, the probe groups contain

primer landing sites for PCR amplification (P1, P2 and P3)

and an address sequence for hybridization to the univer-

sal array. To allow for future applications using the same

biochemical approach (such as allele-specific expression

analysis), the DASL Assay is configured to use both Cy3

and Cy5 fluorescence in targeting non-polymorphic

sequences.

In the DASL Assay, probes are designed to target exonic

sequences. This design requirement means genomic DNA

may be used as a positive control sample. Because

genomic DNA consists of an essentially equimolar repre-

sentation of all sequence targets, the performance of any

individual assay can be assessed. This capability offers a

unique method for verification of probe performance as a

means to decrease false negatives.

In addition to a requirement for exonic target

sequences, probe groups are selected for uniqueness and

designed to provide optimal performance in the DASL

Assay. Custom oligo probes are designed by Illumina’s

bioinformatics engines and are accompanied by a “score”

that reflects each target site for specificity in the 
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transcriptome (RefSeq), the genome and predicted

behavior in assay biochemistry.

To begin the assay, total RNA is converted to cDNA

using both biotinylated random nonamers (biotin-d(N)9)

and biotinylated oligo d(T)18 . The probe groups are

annealed to the biotinylated cDNA, followed by selection

of the duplexes on streptavidin beads to remove unhy-

bridized oligos. Only those oligos that are correctly

annealed are extended and ligated to generate amplifiable

products. These templates are labeled during PCR amplifi-

cation by including fluorescent primers in the reaction.

Finally, the labeled strand is recovered and hybridized to 

a universal BeadArray which is scanned to generate fluo-

rescence intensity data. Because randomers are used in

the cDNA synthesis, and because the probe groups target

cDNA sequences spanning only about 50 bases, 

partially degraded RNA can be used in the assay.

In its design, the DASL Assay most resembles RT-PCR

with highly multiplexed templates but with only three

PCR primers. Because the oligos all share the same

primers, and the amplicons are of a uniform size, the

amplification step maintains an unbiased representation

of transcript abundance1. 

An important feature of the DASL Assay approach 

is that all the ligated oligos compete for the shared

primers, and therefore share the available fluorescent

label. This biochemical approach has several conse-

quences that are important when interpreting array data.

First, the labeled products only report the transcripts 

targeted with probe groups, so any genes not targeted 

will not be monitored. This feature can be advantageous

when the oligo pool is designed to detect small differ-

ences among samples, or when monitoring gene expres-

sion in a subset of cells in a heterogeneous mixture.

Second, because the assay uses a fixed cycle number to

amplify ligated oligos, it is relatively insensitive to RNA

input levels above a minimum. If one sample has double

the mass of another but has no change in expression,

then the higher input sample will exhaust the PCR soon-

er than the lower input sample, but there will be no dif-

ference in relative expression. Finally, the labeling of one

product is not independent of the labeling of another.

Therefore, the intensity for any given transcript may be

influenced by a change in expression of another tran-

script. One of the key benefits of this arrangement is that

the DASL Assay is particularly sensitive to differences

between samples.

4. DASL ASSAY WORKFLOW

An overview of the DASL Assay workflow is shown in

Figure 2. After cDNA synthesis, the assay shares its core

processes and reagents with those used in the Illumina

GoldenGate genotyping assay. The assay can be stopped

at several points, as indicated, and requires a single

overnight hybridization to the array.

The DASL Assay starts with reverse transcription of

total RNA. Intact RNA may be purified using any stan-

dard method, so long as the RNA is free from contami-

nants that would inhibit reverse transcription, such as

alcohols or guanidine salts. RNA derived from FFPE tis-

sues performed best in the DASL Assay when the High

Pure RNA Paraffin Kit from Roche® Molecular

Biochemicals (catalog #3270289) was used for purifica-

tion. Important parameters for RNA purification from

FFPE samples include using tissue sections not exceeding

5 µm in thickness and using freshly prepared Proteinase

K for tissue homogenization.

The amount of RNA required for the DASL Assay can

vary depending on the RNA integrity. For intact RNA,

Illumina recommends 100 ng of total RNA per assay. For

partially degraded RNA, a minimum of 200 ng of total

RNA is recommended to compensate for decreased

amounts of intact sequence targets. Lower levels of RNA

input can result in increased variability.

5. EVALUATING RNA SAMPLES

RNA derived from FFPE tissues can vary considerably in

integrity and purity. Illumina has developed a method

based on real-time RT-PCR for assessing the expected

performance of RNA in the DASL Assay. Primers directed

against the highly expressed RPL13a gene are used to

amplify a 90 base pair fragment. The crossover 
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threshold (Ct) for detection is a measurement of the level

of intact RNA for this transcript in the sample. Figure 3

shows a comparison of the crossover threshold to the

reproducibility of duplicate DASL Assays for 143 inde-

pendent FFPE-derived RNA transcripts. These data indi-

cate that RNA with a Ct of 29 cycles or less can be used

successfully in the DASL Assay. For comparison, the

crossover threshold for the same amount of intact refer-

ence RNA under the same conditions is 17 cycles. The

data suggest the DASL Assay can tolerate a wide range of

RNA degradation, up to a 12 cycle difference between

intact and degraded samples.

6. THE DASL CANCER PANEL

The Illumina DASL Cancer Panel is a pool of selected

probe groups that targets 502 genes collected from ten

publicly available cancer gene lists (Table 1). Genes were

chosen based on the frequency of appearance on these

lists and the frequency of literature citations of these

genes in association with cancer. Each gene in the Cancer

Panel is targeted in 3 locations with 3 probe groups per

gene.

Assay performance was tested using the DASL Cancer

Panel with commercially available RNA and FFPE tissues

(Table 2). Excellent sample replicate reproducibility was

observed for intact RNA, both at the individual probe level

and at the gene level. For RNA derived from FFPE samples,

excellent reproducibility was demonstrated at the probe

level, and the reproducibility at the gene level was equiva-

lent to that for intact RNA. Highest r2 coefficients were

obtained for samples hybridized to the same SAM.

The false positive rate for the DASL Assay was deter-

mined by testing sample replicates for detection of 

differentially expressed genes. For both intact and 
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A
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B
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TRAF4
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VAV1
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TABLE 1: DASL PANEL CANCER GENES



FFPE-derived RNA, the false positive rate within a SAM

was ~0.22% (1 gene out of the 502 monitored). When

comparing across SAMs, the false positive rate was

~0.66% (3-4 of the 502 genes).

In other tests, the DASL Assay has exhibited a dynamic

range of 2.5 to 3 logs, a limit of detection of about 1x104

molecules and measurement precision of 1.3 fold, using syn-

thetic RNA targets1. Due to the competition among ligated

templates for labeling in the PCR step, the sensitivity of the

assay depends on the abundance of all the targeted tran-

scripts, including those present in the background RNA in

which the synthetic RNA was spiked. Therefore, measure-

ments of dynamic range, limit of detection and measure-

ment precision in the DASL Assay are sensitive to the oligo

pool (i.e., probe groups) used and the proportion of synthetic

to background RNA targeted. Given these considerations, the

dynamic range, sensitivity and measurement precision of the

DASL Assay using defined conditions are comparable to

those determined using traditional microarray expression

analyses.

When analyzing differential expression profiles of par-

tially degraded RNA, it is important that the data faithful-

ly reflect differential expression measured using intact

RNA. To model such a comparison, RNA from both nor-

mal prostate tissue and the LNCaP prostate cancer cell

line were intentionally partially degraded using heat to

simulate FFPE-derived RNA. Both intact and partially

degraded RNA were analyzed using the Illumina DASL

Cancer Panel, and scores for differential expression were

determined using the Illumina BeadStudio analysis soft-

ware. Briefly, differential expression scores were derived

from a p-value of the difference between samples for a

given gene. Figure 4 illustrates a comparison of the use of

intact RNA vs. degraded RNA for the determination of dif-

ferential expression scores between normal prostate RNA

and LNCaP cell RNA. The comparison indicates that

genes showing expression differences in partially degrad-

ed RNA are also genes that show expression differences

TABLE 2: DASL ASSAY METRICS 

INTACT RNA

Reproducibility Among Replicates False Positive Rate

Probe Level Gene Level Gene Level

Within SAM 0.990 0.994 Less than 0.22%

Across SAMs 0.980 0.986 Less than 0.66%

Within BeadChip 0.990 0.995

Across BeadChips 0.985 0.992

SAM vs BeadChip 0.972 0.983

FFPE-DERIVED RNA

Reproducibility Among Replicates False Positive Rate

Probe Level Gene Level Gene Level

Within SAM 0.975 0.991 Less than 0.20%
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-500-1,000 500 1,000

800

1,000

600

400

200

0

200

400

600

800

1,000

Diff Score using intact RNA

D
if

f 
S

co
re

 u
si

n
g

 d
e

g
ra

d
e

d
 R

N
A

FIGURE 4: DIFFERENTIAL EXPRESSION OF 
CANCER GENES IN INTACT VS. DEGRADED RNA



in intact RNA. This observation suggests expression

analysis using degraded RNA will properly reflect biologi-

cal differences measured using intact RNA.

7. COMPARISON TO qPCR

Quantitative PCR is commonly used for validation of

microarray expression results. Among the 502 genes

monitored using the DASL Cancer Panel in six cell types,

27 were chosen for analysis using qPCR. These genes

were selected to cover a range of expression patterns

including low, medium or high expression levels, and

large, moderate or small expression differences. Fold dif-

ferences were calculated pairwise among all six RNAs for

both Ct in qPCR and for array intensity in the DASL Assay

(Figure 5). The comparison of fold-difference detection

between these platforms gives a correlation coefficient

(r2) of 0.87, a value comparable to many standard

microarrays. Given the competition among amplifiable

templates in the DASL Assay method, this result suggests

an excellent correlation between expression differences

as determined using the DASL Assay and those deter-

mined using a reference method.

8. DISTINGUISHING AMONG CLOSELY RELATED SAMPLES.

The sensitivity of the DASL Assay to changes in expres-

sion suggests this approach will be especially well suited

to sample classification. To test this capability, RNA from

normal prostate tissue was mixed with RNA from HL-60

cells at different ratios, then assayed using the DASL

Cancer Panel. The correlation coefficient (r2) for the RNA

mixture is 0.981, consistent with very little difference in

expression for these mixtures.

The data for all replicates of each RNA mixture were
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analyzed by clustering the samples. Despite the close

similarity of the 67% and 75% mixtures, all replicates of

all mixtures were cleanly distinguished in a dendrogram

(based on Ward clustering, generated using the Illumina

BeadStudio software). This result suggests the DASL

Assay can be used to classify samples with transcripts

differing by less than 1.1 fold (75%/67% = 1.1).

9. APPLICATION TO CLINICAL SAMPLES

To determine proper classification of clinical samples by

the DASL Assay, RNA was first derived from commercial-

ly available FFPE tissue sections (BioChain Institute).

Analysis of RNA from normal prostate, cancerous

prostate and colon using the DASL Cancer Panel is

shown in Figure 6. These data show excellent repro-

ducibility among sample replicates, and dramatic 

differences in expression when comparing normal 

to diseased samples2.

In other experiments using FFPE clinical samples, 

differences in expression were analyzed for known tissue

and cancer markers3 (Figure 7). The expression of two

colon tissue markers was significantly higher in colon-

derived samples than in breast-derived samples, regard-

less of whether the samples were derived from normal or

cancerous tissues (top). In addition, the expression of two

cancer markers was much higher in colon cancer sam-

ples than in normal colon samples (bottom). These data

suggest the DASL Assay correctly reports biologically rel-

evant results.

To address the applicability of the DASL Assay to clini-

cal samples of varied quality, RNA was analyzed from

FFPE tissues stored for 1 to 11 years. Figure 8 shows



patient samples were properly segregated into normal

and cancerous groups for both colon and breast tissues

with one exception. The one breast cancer sample not

distinguishable from normal was derived in situ from an

early stage ductal carcinoma that had been stored for 11

years3. These data illustrate the capability of the DASL

Assay to classify existing FFPE clinical samples that

have been stored for at least a decade.

10. SUMMARY

The DASL Assay is a novel approach to gene expression

analysis that offers researchers the ability to interrogate

partially degraded RNA, such as those derived from for-

malin-fixed, paraffin-embedded tissues. The unique

features of the DASL Assay are particularly well suited

for the discernment of very closely related samples,

while reporting biologically relevant expression data.

The assay takes advantage of Illumina’s universal

arrays, offering the additional flexibility to customize

expression analysis without requiring the manufacture

of a custom array. 

DASL Gene Expression provides a high-throughput

expression profiling solution that includes proprietary

assay technology, standard or custom assay panels and

user-friendly analysis tools to analyze 16 or 96 samples

simultaneously using one of Illumina’s multi-sample

array formats. This solution allows researchers an

unparalleled capacity to take advantage of existing tis-

sue banks and known patient outcomes for clinical dis-

covery.
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