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What is the most appropriate technology to empower your research? 
 

RNA sequencing (RNA-Seq) has advanced considerably over the last decade, gaining popularity 

for investigating the transcriptome of a variety of complex diseases. While RNA-Seq is an 

appropriate technology for de novo discovery, it has significant limitations especially for detecting 

low-abundance transcripts and alternative splicing events, both of which require very deep 

sequencing resulting in dramatically increased costs, time to results, and the need for 

considerable bioinformatics expertise. 
 

The scientific community now widely acknowledges that specific applications are best served by 

arrays, whereas others by RNA-Seq. Additionally, many see an opportunity to harness the power 

of both technologies for expression studies.  
 

During this webinar, the speakers, Dr. Sridar Chittur and Dr. Yesim Gökmen-Polar: 

 Discuss the pros and cons of each technology along with platform application suitability 

 Demonstrate how arrays and RNA-Seq can be used to complement each other 

 Explain how recently developed transcriptome-level arrays from Affymetrix can overcome 

the limitations of RNA-Seq in both research and clinical settings 

 

Both Dr. Sridar Chittur and Dr. Yesim Gökmen-Polar used the transcriptome-level solution, 

GeneChip® Human Transcriptome Array (HTA) 2.0 in their studies. Learn about the next-

generation of transcriptome-level analysis solutions available now from Affymetrix. 
 

Clariom™ D assays 

See further. Now. 
  

www.affymetrix.com/clariom 

 
 

 

Webinar chapters  

1.  Biography of Sridar Chittur, PhD, MBA, SUNY Albany  

2.  Biography of Yesim Gökmen-Polar, PhD, Indiana University School of Medicine 

3.  Dr. Sridar Chittur’s presentation 

4.  Dr. Yesim Gökmen-Polar’s presentation  

5.  Question and answer session  

  Do you suggest validating microarray data using cDNA generated in the array or actually 

going back to the original RNA and generating new cDNA? 

 How frequent are the environmentally modified gene transcripts identified and how 

expensive are these sequencing programs? 

 On each platform, how well does each do with low quality or degraded RNA? 

 When you have a small amount of RNA you need to first amplify, how does each 

platform perform with small, amplified samples? 

 Can you comment on the cost difference between microarrays and RNA-Seq? 

 6. Final comments from Dr. Sridar Chittur 

 7. Final comments from Dr. Yesim Gökmen-Polar 

 

 

http://www.affymetrix.com/clariom
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00:15 Introductions 

 Hello everyone and welcome to today’s live broadcast, Arrays or RNA-Seq? Choosing the 
right tool for the job. I am Xuan Pham with Labroots, and I will be your moderator for 

today’s event. Today’s webcast is presented by Labroots, the leading social media site for 
scientific professionals, and sponsored by Affymetrix.   

 
We are proud to welcome Dr. Sridar Chittur and Dr. Yesim Gökmen-Polar.  

 

00:39 [Biography - Sridar Chittur, PhD, MBA, SUNY Albany]  

 Dr. Sridar Chittur received a bachelor’s degree in pharmacy from Bombay University, 

India, a PhD in Medicinal Chemistry from West Virginia University, and an MBA in new 
venture development from SUNY Albany. He did his post-doctoral training in 

enzymology/pharmacology at the Purdue University School of Pharmacology, following 
which he briefly worked at Myomatrix Therapeutics Inc. He is currently a research 

associate professor in the Department of Biomedical Sciences at the University at Albany’s 
School of Public Health. He also directs the Microarray and High-Throughput Sequencing 

Core at the Center for Functional Genomics. His research interests include epigenetics, 
high-throughput screening technologies, and drug discovery. He is also an active member 

of the Association of Biomolecular Resource Facilities (ABRF) and serves on various ABRF 

research groups that focus on studies of nucleic acid, genomics, and flow cytometry. 

  

 01:38 [Biography - Yesim Gökmen-Polar, PhD, Indiana University School of Medicine] 

 Dr. Yesim Gökmen-Polar is an assistant research professor in the Department of 
Pathology and Laboratory Medicine at Indiana University School of Medicine. Her research 

interests are centered on the identification and characterization of novel prognostic and 

therapeutic targets in breast cancer and thymic cancer. She has approximately 50 
publications mainly in the field of cancer biology. Her specific expertise is in development 

of novel therapeutic agents such as targeting EphA2 receptor tyrosine kinase, protein 
kinase C beta, anti-tubulins, and TORC1/2 in colon, breast cancer, and thymic 

malignancies. Her lab developed and characterized a novel human thymomic model, 
designated as IU-TAB-1, which was derived from a patient with stage II thymoma. Her 

current research uses next-generation sequencing, microarrays, and computational tools 
to understand the transcriptional regulation by non-coding RNAs and alternative splicing 

that contribute to ER+ recurrence/metastasis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

                          Page 3 of 16 

2:46 Dr. Sridar Chittur's presentation 

 I will now turn it over to Dr. Chittur for his presentation. 

 

Slide 1 
2:54 

I’m Sridar Chittur. I direct the High-Throughput Genomics Lab at Center for Functional 
Genomics at SUNY Albany. 

 
In my lab, we run both microarrays and next-gen sequencing. It’s very often that people 

come to me and say, “I want to do sequencing,” and my first question is why? The answers 
that I get prompt me to actually come and give this talk because lately, RNA sequencing has 

become such a popular thing that it’s more become a fad. But do you really need to do RNA 

sequencing? These are some of the things that one needs to think about. Just because it’s a 
new technology doesn’t mean that it’s the best technology for your experiment. I hope to 

lead you through some of the questions that you need to think about as you design your own 
experiments.  

 
Slide 2  

3:52 

When you are in the process of designing your experiment, the questions that you need to 

ask are: 
 Is my genome well characterized? Am I doing human, mouse, drosophila, [is it] a 

model genome? Or is it a novel genome that is not yet characterized? The reason you 

want to do that is because the arrays are designed based on the information that’s in 
the genome. So if the genome is known, the probes can be made. If the genome is 

unknown, well, you can’t design the probes. 

 Am I interested in novel gene isoforms? Is it that I am just interested in simple gene 

expression experiments, or am I looking for more rare isoforms or for things like 
alternate splicing and gene fusions? 

 Do I care about high-expressing transcripts or low-expressing transcripts? The reason 
why you need to think about that is because if you have a high-expressing transcript, 

you could saturate your signal on your microarrays. So microarrays as compared to 

sequencing have a limited dynamic range, and that’s something to consider.   

 An important thing to think about is do I have the bioinformatics skills or the support? 

If I can’t do it myself do I have adequate support for the bioinformatics? The array 
technology has matured enough that there are free tools and other commercial 

software that are available, and one can within a matter of hours get to at least a 
very simple gene list, and they can design and think about the biology of their 

system. With sequencing data it’s not quite so. It is still immature, there are lots of 
algorithms that you can choose from, you need the computing power, you need the 

expertise to do it. Not everybody has that kind of support currently. 

 Another important thing—with any experiment for that matter—is how much money 
do I have? You have to look at your experimental budget when you are doing any 

experiment. As much as people would like to say that RNA-Seq is cheap, [and] cost 
just as much as a microarray, I beg to differ. All things considered, you have to think 

about not only the reagent cost, you have to look at the labor, you have to look at the 
time because time is money, all the way from when you submit a sample to your 

analyzed data, which brings us to the next question. 

 How soon do I need the data? Most often than not, PIs come to the core lab and say, 

“I have a grant that I am thinking of submitting next month and would it be possible 

to get this piece of data because I want to put that in my grant.” With the arrays it is 
doable, [with] sequencing not so much. 
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Slide 3  
6:45 

Let’s talk about sequencing. When you are talking about sequencing you can basically break 
it up into three major classes: 

 Targeted sequencing, which in a way is like looking at a small subset of the genome. 
Typically one would use targeted sequencing for pathway or disease profiling, for 

example, the AmpliSeq™ panel. So you’re running a few gene transcripts, you’re 
doing them over and over as you are looking at copy number changes and transcript 

expression, but on a small limited subset. In a way you could think about it as doing a 
qPCR microarray, for example, where you have 80 genes or so and you are just 

looking at it across different samples.   

 The more typical sequencing that people do is shallow sequencing, which is anywhere 

from 25–75 million (M) reads per sample. People tend to use this for RNA-Seq, people 

tend to use this for alternate spicing, or splice junction identification, but is that the 
most appropriate technology? I don’t think so. If you are looking at alternate splicing 

you really need more coverage; you really need to do deep sequencing. 

 Deep sequencing is more than 100M reads per sample. That adds to the value of the 

cost of your experiment. 

 

Slide 4  

8:14 

In the last 4–5 years there has been more than one paper that I can list where it says that 

RNA-Seq is far superior to arrays, and people publish data showing the comparison between 
RNA-Seq data and microarray data.   

 
Here is one example from a couple of years ago. The conclusion was that in microarray 

studies, these two isoforms of RORγ are indistinguishable because the two probe sets that 

hybridize at the exon regions that are more common for both isoforms. However, RNA-Seq 
showed that the specific expression of RORγt but not RORγ in CCR6+ CD4 T cells. This is just 

one example—but if you look at the data, you will see that this is the region that they point 
out. If you look at the experimental conditions, they have different time points, they’ve done 

duplicates, and they’ve used Illumina® HiSeq2000 2 x 50 base pair (bp) paired end reads, 
and they’ve compared to the [GeneChip®] Human Genome U133 Plus 2.0 Array. Is that the 

right comparison to make? If the arrays are only designed for the 3’ end of the gene, you’re 
not going to be probing the rest of the sequence. 

 

Slide 5  

9:48 

Most of the studies that are published, whether it be Agilent arrays or the GeneChip arrays, 

they seem to be focused on the 3’ IVT arrays, which means you are looking at about 600 bp 
in the 3’ end of the gene. Sequencing doesn’t care whether you are in the 3’ end of the gene 

so you’re actually probing in the entire transcript. That is an apples to oranges comparison, 
right?   

 
Instead of doing that, what you need to look at is you need to look at comparison with a 

[GeneChip] gene ST array or an exon 1.0 ST array where you actually have probes that are 

all across the transcript. There are a few papers that do that. So if you are going to compare 
a 3’ array with RNA-Seq, of course the RNA-Seq performs better. 

 
In recent years, Affymetrix has come out with transcriptome arrays. They started out with 

the [GeneChip®] Human Transcriptome 1.0 Arrays and the current version is the 2.0 arrays. 
As you can see, the transcriptome array actually has probes on all the exons, and the 

intragenic regions, and the intronic regions of the genome. So you have a lot more regions 
that are being probed all across the transcript and at the 3’ UTR and 5’ UTR, which are 

important for regulation. 

 

Slide 6 
11:13 

This came out of Ron Davis’ group as part of the Glue Grant. This is the first version of the 
transcriptome array that was generated. If you look at this paper, you will find that they 

found that the human transcriptome array actually had better data than RNA-Seq. 



 

                          Page 5 of 16 

Slide 7 
11:35 

 So when you talk to people who say that RNA-Seq is better:  

 Microarrays are old technology   

o Yes, microarrays are old but that doesn’t mean that they are obsolete.   

 Unbiased detection of novel transcripts  

o Sure, yes, RNA-Seq doesn’t care about the genome, because you are trying to 

identify the genome. However, when you get RNA-Seq data you still have to 
compare it to some reference genome unless you are doing something completely 

novel. So there is an issue there. 

 Broader dynamic range 

o Yes, RNA-Seq has broader dynamic range. 

 Increased specificity and sensitivity 

o That is not necessarily the case. It depends on the protocol that is used; whether 

you are looking at poly-A enrichment; whether you are looking at total RNA; you 
get different results. In fact, the ABRF actually did a comparative analysis last 

year and it’s an ongoing study, where they have taken the same sample and put it 
on different instruments, compared poly-A vs. total RNA, and the results are 

interesting to say the least. I would recommend that everybody looks at those 

papers before they make a choice to say that RNA-Seq is better than microarrays. 

 Easier detection of rare and low-abundance transcripts 

o Is RNA-Seq actually better at detecting rare and low-abundance transcripts? That 
is something that needs to be questioned as well, because it all depends on the 

number of reads you have. 

 User friendly data analysis tools 

o Well, it’s getting better, but it’s not there yet. 

 Grant funding 

o Yes, more reviewers have commented on grants saying that you should be doing 

RNA-Seq and not microarrays. But in recent years the review panels have been a 
little bit more reasonable in their arguments. In fact, when I sit on review panels 

and somebody says, “Oh they are doing microarrays; they should be doing RNA-
Seq,” my question in the panel is, “Why?” Most times they don’t have an answer, 

and so there goes their argument. I wish they would be listening to this webinar—
there’s something to learn here. 

 

Slide 8 

13:57 

About 10 years ago, the FDA came out with an MAQC study where they took samples A and B. 

For sample A they used Stratagene Universal Reference RNA and sample B was Ambion’s 
Human Brain Reference RNA, and they combined them in different combinations. Sample C 

was a 25%, a 3:1 mixture of A:B, and sample D was a 1:3 mixture of A:B. Then they put 
these on different microarrays; different platforms. A logical sequence for that set of 

experiments was doing it with the RNA-Seq technology, and indeed that’s what they ended up 
doing. They took the same A, B, C, D samples and tried different library prep kits, put them on 

different machines, and did a comparison. All of this was published in the Nature Biotech 

[Nature Biotechnology] issue (Sept. 2014). Actually, this issue has both the SEQC study from 
the FDA as well as the other study, and it’s sort of a bible in a way to look at the RNA-Seq 

technology. 
  

Without delving too much into it, you have these four samples, A, B, C, D, where C is a 3:1 

mixture of A:B and D is a 1:3 mixture of A:B. If you make libraries of it and do quadruplicates, 
four replicates of the same sample and you are combining all 16 samples in one pool and run 

them on 16 lanes, two flow cells, and you repeat this over six different sites so you can look at 
inter-site variability and intra-site variability, so this is good experimental design. You get a lot 

of data, 23 billion (B) mapped reads all the way down to 15M for a library. 
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Slide 9 
15:58 

So what did they find? What this graph gives you—on the y-axis you have percent 
coefficient of variance within a site versus the reads per million (RPM). On the first panel you 

have 15M reads, which were 1/16 of a HiSeq lane, followed by 1/8 of a HiSeq lane, all the 
way down to one or two HiSeq lanes. So you’re going anywhere from 15M reads per sample 

to 480M reads per sample. What you also see in this graph is this red line, and that is the 
data coming from the Human Transcriptome Array [HTA]. So you can see that the coefficient 

of variance across the array is very small, whereas in 15M reads you’ve got a 75% CV. That 
line goes down as you go from 15M reads to 480M reads.  

 
Now, this is the gene level. This is about one HiSeq lane per sample. How many people put 

one sample in a HiSeq lane? Very few. When you go to two HiSeq lanes or ¼ of a HiSeq flow 

cell per sample, that’s where the data between the RNA-Seq and HTA seem to be 
comparable. If you go to the exon level it’s even worse. Look at the percentage coefficient of 

variation (% CV) in the sample that takes a 1/16 HiSeq lane. So this is where you are 
actually comparing apples to apples. You are looking at the variation within each technology 

and comparing the variation between them. If you really wanted to compare HTA data—
which is the data you should compare because these arrays actually probe for the entire 

transcript, including intergenic regions, including the 3’  UTRs, the 5’ UTRs, to sequencing—
the HTA is more equal to two lanes on a HiSeq. So when people say easier detection of 

variant, low-abundant transcripts than sequencing, sequencing coverage that can be easily 

increased to detect the rare transcripts, single cells, uniquely expressed genes, I ask, “At 
what cost?” Are you willing to do two lanes per sample because that’s the only way you can 

actually get good data? Sure, you’ll get data at 50M reads, but you’re not getting all the 
data you should be seeing. And you could be getting more data just by running a simple 

microarray experiment instead.  

 
Slide 10 
18:59 

People need to also think about whether they want gene coverage versus exon coverage. A 
10X gene coverage is not the same as a 10X exon coverage. So if you are looking for simple 

gene expression, in terms of microarrays, if people have used gene ST arrays versus 
transcriptome or exon ST arrays, this is the comparison you would look at.  

 
So gene ST arrays have probes across the transcript but not enough on every exon to make 

splicing calls. But the exon or the transcriptome arrays do. And similarly if you want 10X 
exon coverage, which is what you would need to determine splicing, then you need a lot 

more reads from your samples. And you probably should be putting one sample on two 

lanes, or at least one lane, to get there. Otherwise you’re just seeing the tip of the iceberg.  

 

Slide 11 
19:54 

Here is Rick Jensen at Virginia Tech who actually came up with this model where, since we 
know the composition of sample C and sample D in our SECQ study, we can convert that to 

a linear equation, y = mx + b where x is the ratio of sample B to sample A and y is the ratio 
of sample C to sample A. If you plot x versus y for all the genes, regardless of their 

abundance, it will give you a line with a y intercept of 0.75 and a slope of 0.25, and the 
better line would be the better technology. 

  
Slide 12 

20:33 

If you are applying that to the data, what we found all the way from 1/16 lane to four lanes 

per sample, you will see that most of them seem to fit. If you look at the right-hand panels, 
most of them seem to fit and give you a nice line. But if you look down where we talked 

about the intercept being 0.75 and the slope being 0.25, you see the noise. The data gets 
better as you get more reads per lane, and it’s not until you reach two lanes or four lanes 

that you actually get a nice linear plot. The HTA data, however, seems to give you pretty 
good data. Now, the HTA data was a lot cheaper to obtain as compared to RNA-Seq, at the 

depth of using two lanes per sample. The HTA data is quicker—I’ll explain that later. 
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Slide 13 
21:52 

When you compare the HTA data to the RNA-Seq, again here you are plotting error vs. 
number of lanes; it recreates the same thing. You see more variation between the individual 

RNA-Seq experiments, and it’s not until you approach two lanes that the data starts 
becoming more comparable. 

 

Slide 14 

22:16 

Here’s an example of a gene where [in] the typical RNA-Seq experiment, you have to take 

your reads and compare them to some reference genome. Usually people tend to stick to 
RefSeq. Here’s an example where you see that this particular gene has three isoforms that 

are listed in RefSeq and there’s a whole bunch more, 12 additional transcripts which are not 
in RefSeq but if you use Ensembl, or VEGA, or some of the other databases, you will find 

them. HTA, however, takes the data from all of these databases when it’s designing the 

probes. So the odds of finding any of the transcripts five, six, seven, eight are higher with 
HTA than with the RNA-Seq data. 

 

Slide 15 

23:11 

Transcriptome arrays contain probe sets designed using multiple databases—that was HTA, 

and Affy now has MTA for mouse transcriptome as well as RTA for rat transcriptomes. They 
also have probe sets that cover genes, transcripts, exons, and intergenic regions, which are 

annotated for lncRNA (long non-coding RNA), pseudogenes, and ribosomal RNA. 

 

Slide 16 
23:41 

Here’s an example of a gene using MTA, and as you can see, there’s a lot more probes 
covering all the exome and even the intergenic regions of this particular gene or this 

particular transcript that will allow you to identify all possible expressed isoforms. It’s tough 
to do that with the RNA-Seq unless you take it through all the databases separately. 

 
Slide 17 

24:10 

The analysis of microarray data is also easy because Affy has come out with free software 

called Transcriptome Analysis Console. It is free and you can start using it without a lot of 
training. In fact, just a couple of days ago, I had a graduate student in the lab, and I said to 

him to download the software and he came back to me with data; I didn’t have to teach him 
anything! It was very intuitive, just clicking a few buttons and you could have the data.   

 

So going from your sample to raw data takes about a couple of days. For the protocol, once 
you have your sample, analysis of it takes just a few hours. Of course if you want to look at 

the biology, the pathways, and all of that, you could keep delving into it; but that’s the 
same with RNA-Seq, too. 

 
If I can get analyzed gene list differential expression with alternate splicing in a few hours, I 

can certainly include all this data in a grant that I’m putting in in a couple of days. Time to 
achieve this data is crucial.   

 

The software is nice in that it gives you the gene list, it gives you the plots, volcano plots; 
you can do some pathway analysis; you can also do splicing analysis and, best of all, it’s 

free. 

 

Slide 18 

25:40 

What you can also do with this—Affy has miRNA arrays; Affy has SNP arrays; you can 

import your own data in here and do comparisons. Here’s an example where you can 
correlate miRNA data with transcriptome array data and you can delve more into the 

biology. Again, all this can be done by anybody without a lot of training. 
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Slide 19 
26:09 

The bottom line: Why should you choose microarrays? 
 Because it’s easy to use. 

 The protocols use total RNA. Whether you’re using mRNA transcriptome arrays or 
miRNA arrays, you can just deal with total RNA. 

 Instead of using RNA-Seq, where you have to think about, Do I need mRNA, or poly-
A selected RNA, or do I need total RNA, and [when do] I do a riboreduction? The 

moment you do a riboreduction there’s all kinds of variability that one introduces. 
You need a lot more sample to start with because more than 95% of the total RNA is 

going to be ribosomal RNA. In the case of the microarray, it doesn’t affect it because 
the probes are not going to be affected by the ribosomal RNA. 

 The analysis software is quick and easy and it’s free. 

 

Why would you choose RNA-Seq?  
 If I’m dealing with a genome like Xenopus for example, which is incomplete or 

uncharacterized, I would probably need to use RNA-Seq as a better approach. There 

are arrays, but once the genome is known, an array can be designed. 

 Going forward, as more people do RNA-Seq and identify the genomes and the 

transcriptomes, the arrays will get better designed and give you more options. 

 If you’re looking for meta-transcriptomics or host-pathogen interactions where you 

are looking at both the bacteria and the human cells, or viruses and human cells, 
RNA-Seq doesn’t care what genome they’re looking at. You can get all the data, and 

then mask the human genome or the host genome and then look for the pathogen, 
or vice versa. The arrays—it’s one genome per array usually, so that’s when I would 

go with the RNA-Seq option. 

 
As Steve Jobs said, “The overall point is that new technology will not necessarily replace old 

technology, but it will date it. By definition. Eventually, it will replace it. But it’s like people 
who had black-and-white TVs when color came out. They eventually decided whether or not 

the new technology was worth the investment.” 
 

So if you were to do an experiment today, I would say think about what you’re trying to get 
at. If you’re looking for simple gene expression, if you’re looking for alternate splicing, 

maybe you can just do an array and get that data. If you want to validate it, you can do a 

quick and dirty experiment because arrays are definitely cheaper, both in cost as well as 
time. This is the same argument one made 10 years ago with qPCR arrays. You can do 

qPCR selection rather than do the more expensive microarrays. You can use the microarrays 
to do your initial analysis and then go back and do extensive deep sequencing, or once 

you’ve done the deep sequencing, you can do the microarrays to validate, because it will 
still be a much higher throughput experiment than doing it by qPCR. 

 
I hope I was able to convince you that you can make that choice between an array [and 

RNA-Seq]. You can choose the arrays over RNA-Seq or in conjunction with RNA-Seq. 
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29:32 Dr. Yesim Gökmen-Polar’s presentation 

 I would like to introduce you to our next speaker now, Dr. Yesim Gökmen-Polar from Indiana 

University, who has applied these questions to her own research. 

 

Slide 1 

29:53 

Hi. As Dr. Chittur said—he summarized the technical aspects and advantages and 

disadvantages for each technique. My talk will focus on why we chose the Human 
Transcriptome Array (HTA) technology, and you’ll see the application that we chose on my 

research.  

 

Slide 2  

30:20 

So it seems that RNA-Seq is superior to conventional microarrays due to its deep sequencing 

capacity of the whole transcriptome. However, if you look at the depth coverage, as Dr. 
Chittur said, there may be some limitations.  

 

Slide 3 
30:48 

RNA-Seq is good with novel transcripts and, obviously, if you want some global approach 
like you don’t want to know what kind of genome is out there in your genome.  
 

But now we know that human transcriptome is actually very much well developed, and so 
there are new arrays to do whole-transcriptome [profiling]. For example, RNA sequencing 

may not be great. If you have seen Dr. Chittur’s presentation, [you know that] the depth is 
very important in biomedical science. Most of the RNA-Seq we are doing is around 3M or 6M 

reads per sample; we never did it above 100M. At that point it is critical that we are missing 

a lot of data that we thought we would get from RNA sequencing that we are not. In 
particular, if you increase the depth of sequencing, the cost is getting high, and think about 

the clinical samples and usually you have reached a statistical significance that definitely 
loses its practicality. 
  

Another thing is RNA-Seq may not give, with this depth, all of these targeted approaches. 

For example, you will get the low [expressing] transcripts, and in particular I would like to 
emphasize that lncRNA (long non-coding RNA) have lower expression compared to the 

protein coding genes, and you may not achieve [measuring] the expression with RNA-Seq at 
lower depth. 
 

So in that sense I would think that the next-gen microarrays—that they provide us with a 

multiple of options. You can use lncRNA on a microarray; you can use miRNA; or, as Dr. 
Chittur mentioned, the human transcriptome arrays are really the adaptation of microarray 

technology. It’s not like the conventional microarray technology because it provides us the 
whole-transcriptome analysis.  

 

Slide 4 

33:32 

Besides this I would also like to briefly mention that these next-gen microarrays are not only 

available for transcriptome profiling, like HTA analysis, [but also for] other analysis like copy 
number and SNP analysis. Nowadays, for FFPE samples, [you can use] OncoScan® 

[OncoScan® FFPE Assay Kit]—available from Affymetrix for copy number and somatic 
mutations, and other applications with ncRNA, and so on.  

 

Slide 5 
34:06 

For my talk, we will focus on especially the Human Transcriptome Array [HTA] analysis, and 
I would like to emphasize why we chose this technology instead of RNA-Seq in our research. 

 

The main determinant was, as you can see here, the availability of multiple probes—actually 
10 probes per exon or ncRNA, and also four probes per splice junction. This means actually 

a big change from the conventional microarrays; however, here the complete coverage of 
the probes really [allows for] the analysis of both for low-abundant or high-abundant 

transcripts. So this was the number one reason—the probe-based strategy—[why] we 
wanted to use this in our research. 
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Slide 6 
35:14 

Dr. Chittur also mentioned that it is a comprehensive transcriptome analysis. Therefore it is 
providing more [information], [especially] if you think about the depth issue of RNA-Seq. So 

you covered the human transcriptome at the gene level, transcript level, exon level, and 
splice junction level and it derives all this from content available. You can go back and use 

these tools and it is very much integrated in the software. 

 

Slide 7 

35:49 

These are the further features [of why] we chose [HTA]:   

 Probe-based with multiple probes per target 

o You don’t need to worry about how much depth you need.  
 The price is really affordable 

 Bioinformatics is relatively simple 

o I would really like to emphasize this most important point. Most of the time, 
the bioinformatics takes so much time because you have huge [amounts of 

data for] analysis with RNA-Seq, and you have a specialized bioinformatician. 

But with this technology, you just download the software. I am a molecular 
biologist by training, and I can easily use this technology any time. I can go 

back to find [out] what this gene means and go back to the software and 
further analyze the other [genes] downstream. It is very easy to use for 

anybody and not time consuming. 

 

Slide 8 
36:54 

My research is focused on the identification of novel targets to overcome resistance to 
endocrine therapies, especially in estrogen receptor breast cancer. There are several 

mechanisms that have been so far described, and these mechanisms are mostly in 
preclinical models. Some of them are already shown as relevant in a clinical setting, but not 

all of them are translated due to the difficulty between preclinical and clinical sampling 
comparisons.   

 

In summary briefly, there are usually three categories. The first one could be like alternative 
pathways that can affect the estrogen receptor pathway, and that then alters the sensitivity 

to the therapies. Or, it’s well known that estrogen is not working alone. With its co-
activators and co-repressors, the balance of this is very important to the transcriptional 

activation of the estrogen receptor, and any of the differences may leave imbalance and 
then the resistance to therapies. 

 
Recently, because of the recent next-gen technologies, also there are genomic aberrations 

that have been found in estrogen receptors, like mutations or any other rearrangements. 

 

Slide 9 

38:37 

However, there is still a lot to answer. We see from the novel technologies that the signaling 

is not that simple. There are multiple layers of regulation. We have to also understand how 
the other regulatory mechanisms contribute to the signaling in addition to the protein coding 

genes. In that sense, we are interested to study alternative splicing, and understand how 

the splicing affects the sensitivity or acquired resistance to the endocrine therapies. 
 

As you know, alternative splicing is very much detectable based on these novel technologies, 
and the major aspect that we didn’t know is that these events [are] detectable [from other 

technologies] besides RNA-Seq. 
  

So [for] alternative splicing, you [need] to look at the exon level. It can be exon skipped or 

included, and the exon can be exclusively regulated, or an intron can be retained. You can 
see [that a] subset of the exon is skipped or included, or a promoter, or at the 3’ level. So 

all of these changes may make sense, either altering or not altering the protein coding 

[genes] based on where it is located. It can be located in the very important domain, so 
then the function of the protein is lost and you don’t see any of the function of this gene or 

protein. 
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Slide 10 
40:43 

In fact, there is accumulating evidence suggesting that alternative splicing is important in 
cancer. It is also described in terms of the hallmarks of cancer. You can see here the most 

famous ones: Bcl-x; caspases; you can see resistance to cell death or other hallmarks, p53, 
CD44, CD45. So in all of them there is some number of genes altered and alternative 

splicing can affect the phenotype of the tumor.  
 

Also there are a few examples, especially in breast cancer. Like the BRCA1 gene, the breast 

cancer susceptibility gene, if only this exon 18 is skipped, then you have a different 
phenotype and tumor progression. Also, the other, Bcl-X short form or long form, is just 

because of an exon difference and the cell can behave like a pro-apoptotic or an anti-

apoptotic. 

  

Slide 11 
42:03 

So, based on this, we decided to look at the alternative splicing events in endocrine-
resistant cell models. We have here two different cell line models. These are: both parental 

MCF7 derived and acquired resistance through Tamoxifen; and the second cell line, LCC9, 

acquired resistance from Fulvestrant. 
 

We also noticed that although it is Fulvestrant resistant we also see Tamoxifen cross 
resistant. So there are some differences and similarities between these cell lines. On the 

right-hand side you see the TAC, which is Transcriptome Analysis Console. We isolated RNA 
and then we sent that RNA to Affymetrix. They performed HTA analysis and sent back the 

data to us. We imported it to the TAC software, which is easily downloadable as Dr. Chittur 
also mentioned, and we started looking at the gene level, exon level, and alternative 

splicing level. 

 

Slide 12 

43:25 

So this slide shows the volcano plot. Red is high up regulation and green is down regulation 

and gray is the genes that are not changed. You can see the overview of the up regulated 
genes and the differential expression of those genes. 

   

Slide 13 

43:48 

If you look at the tabular view, you can see that there are differences between these two 

cell lines but they are also overlapping. You easily can get the differential gene expression 
level. [You can see] how many are coding. [You can see] how many [of the coding genes] 

are up regulated or down regulated. This is also useful for non-coding and [finding] how 
many are up regulated or down regulated. 

 

Slide 14 
44:18 

So you can also get the information using the [integrated] Wiki Pathways for what kind of 
pathways are up regulated or down regulated. In our case, we were happy to see that 

nuclear receptor metapathway is altered, which is actually the main pathway that is altered 
in estrogen receptor signaling and then confers the resistance to the endocrine therapies. 

So, you can analyze that. 

 

Slide 15 

44:52 

But the next one is actually the main question that you would like to answer. [This] was, 

can we detect the alternative splicing which [is] in these two different condition sensitive 
and resistant cell lines? 
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Slide 16 
45:08 

Here you can see a summary of the differential alternative splicing events. On the left-hand 
side you can see the events either as a cassette exon, retained intron, or any other listed 

alternative pathways. Then you can see on the top, the PSRs, which is “probe selection 
regions.” In the software, the design of the probes is not only one single exon; it depends 

on length of the exon. One PSR can contain one exon or more exons based on the length of 
it. You can easily [see] based on looking at the location of it, where the change is 

happening. 
 

Here in our data, we first sorted based on the adjusted FDR [false discovery rate], and then 
we looked at the gene change and also look at the different alternative events. You can see 

here the cassettes exons are the majority of the changes, which is expected because the 

mammalian genome is mostly affected by the change of the cassette exons. The other 
events are more or less rare. 

 

Slide 17 

46:29 

So here we can see a tabular view, using the TAC Software. We sorted based on the 

adjusted FDR p-values and the top alternative splicing event came off the CD44. Many of 

you know CD44 is already an established marker in breast cancer and other cancers. If you 
look at the tabular view in more detail, you can see on the left side—you can see the gene 

changes and you see that it might not change at the gene level, but there is a huge change 
at the exon level. Here especially, this column, splicing index, tells you the expression level 

at the exon level because, after excluding the gene level, it [tells] how much change in exon 
expression happens. 

 
If the number is high, [for example] in the first lane you see 61, which means that [when it 

has a] plus [sign] it is included and if you see a minus [sign] it is excluded. So we were very 

happy to see that all of these numbers are showing that these exons in this PSR region are 
highly included in the resistant cell line model. The splicing event score is also telling us 

that, it is usually 0 to 1, the high number means that it’s highly happening. You can see 
that—between the two resistant cell lines—that the overlapping PSRs are also [inaudible]. 

So we focused on the overlapping one. 

 

Slide 18 

48:25 

This slide shows the structure of the alternative splicing event. In particular, the one—the 

PSR that we focused on—we can look at the intensity tracks that the level is changing 
between resistant and the sensitive cell line. Also it shows the splicing track and these 

exons, the red ones, are included in the resistant cell line. 

 

Slide 19 

48:54 

The same data you can look by genomic view. So I think this is the most useful view, I 

would say, because you can connect your data with other tools like ENSEMBL. So you can 
figure out or visualize [for example], I’m looking here at this exon—what does that mean? 

What kind of transcript I’m [seeing] here? You can easily see the transcripts over the 
existing, looking at ENSEMBL, and you can also connect to the UCSC browser and get more 

extensive analysis. 

 
So I think this is the most useful thing because what we used to do before, we were 

opening all of these tools and then looking back and forth, back and forth, making [it very 
difficult]. But this software also integrated the most important links that you need for the 

analysis of your data to translate from genomic to the transcriptomic and also other 
domains. 
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Slide 20 
50:07 

So that actually is interesting, in a sense. If I summarize the structure of CD44, the CD44 
gene consists of 21 exons. The first five exons, which is the extracellular domain, are 

standard so it is not changing. Also the last five exons, 15 to 19, are also standard—it is not 
changing. So if you combine this, this is called CD44 standard and you can see, if you look 

at the structure, the end terminal is different than the one that changes. 
 

On the other hand, the variable regions, which are the mid parts from 5a to 14, can change. 
So this can be excluded or included based on the tissue type; based on the condition you 

look at. In our case, the HTA data revealed that we have included the breast cancer specific 
variants in our resistant cell line model. That means a lot because, if you look at the 

structure, based on these variants only this extra loop stem makes a lot of difference in the 

function of the CD44. 

 

Slide 21 

51:35 

If you look at the literature, CD44 is well established for CD44+ and CD24- subpopulation; 

but on the other hand, if you look further, CD44 has also been implicated in tumor 
suppression besides progression. We don’t know what that means; we always think that 

CD44 is a bad player and let’s target it, but on the other hand it’s very context-dependent 
and whatever splice variant is present in your tissue, in your cell type, it makes a big 

difference.  
 

For example, we have data that CD44 can be a good prognosis in ER positive breast cancer. 
So we couldn’t understand, how could CD44 be a good prognostic marker? Well now we 

have tools to further ask this question and look at it at the splice variant level. Maybe it’s 

because we have different splice variants rather than just the one CD44 that everybody 
uses, the common antibody, and seeing that whether it is expressed or not. 

 

Slide 22 

52:54 

As a conclusion, I would say that HTA analysis provided us in a very quick way and a very 

accurate way [of] how to look at the different layers of the regulation transcriptome. We are 

happy to continue with the data we have and translate this into the clinical setting.  
 

Thank you very much. 
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53:40  Question and answer session   

 

53:47 Question for Dr. Chittur  

Do you suggest validating microarray data using cDNA generated in the array, or actually 
going back to the original RNA and generating new cDNA? 
 

Answer 

[For the] protocol which is used with the microarrays, if you are using a protocol like, for 

example, NuGen protocol which is p-amplification, you make enough cDNA and move part of it 
to the next step going towards the microarray. So yes you can use that cDNA and do PCR. But 

in most other protocols, whatever cDNA you make is typically used all the way to hybridize to 
the array, so would have to go back to the starting material and remake your cDNA. 

 

54:39 Question for Dr. Gökmen-Polar  

How frequent are the environmentally modified gene transcripts identified, and how expensive 
are these sequencing programs? 
 

Answer 

Actually these transcripts depend on the environmental condition, so you have to have your 
exact controls to determine that it’s really because of that condition or not. In terms of each 

array’s cost, I think comparatively they are usually not that expensive, around $300 or 
something like that, so I think it is really achievable. And the good thing is you don’t need to 

put too many replicates on it. 

 

55:46 Question for Dr. Chittur  

On each platform, how well does each do with low quality or degraded RNA? 
 

Answer 

Degraded RNA is a big problem when you are doing RNA sequencing, because you are going to 

have smaller fragments for sequencing. However, for microarrays, Affy actually has a 
SensationPlus™ kit, which we have used really well with, for example, FFPE samples with 

minimal or no loss in data. So in my opinion, the arrays, the SensationPlus kit with the Affy 
microarrays, seem to perform very well. Sequencing—it differs, it depends on the type of 

sequencing you are doing. It’s a little bit more tricky. 

 

56:46 Question for Dr. Gökmen-Polar 

When you have a small amount of RNA you need to first amplify, how does each platform 
perform with small amplified samples? 
 

Answer from Dr. Gökmen-Polar 

I think this is a very good question. For the HTA you have also pico level [GeneChip® WT Pico 

Kit], so if you have a small RNA then I would recommend that you use the pico version rather 
than the regular version. 
 

Answer from Dr. Chittur  

When you have small amounts you have to amplify it right? The more you amplify it the more 
biases you introduce. So in the microarrays, all you are doing is you are making cDNA and you 

are labeling something and you are putting it on the array. With the sequencing experiment, 
you are amplifying, then you are adding adaptors, and you are doing PCR. So there are a lot 

more protocols involved which include PCR in some form or another. So in each of those steps 
you introduce GC bias; you introduce amplification biases. Those are things that you need to 

consider. 
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58:00 Question for Dr. Chittur  

Can you comment on the cost difference between microarrays and RNA-Seq? 
 

Answer from Dr. Chittur 

Now, in terms of the cost difference between microarrays and RNA-Seq—well, if you have a 

sequencing instrument in the lab and you have a student in your lab who is working all the 
time, they are very comparable because labor is free. 

 
If you are paying for labor, that’s the more expensive part; then all bets are off. So if you are 

in an academic core facility where labor is cheaper rather than a commercial entity, the arrays 

certainly are cheaper than the RNA-Seq in my opinion. Now, that is if you do the experiment 
the way we talked about. 

 
If you are dealing with 10M reads per sample, or 5M reads per sample, or you are putting 15 

samples in a lane and sequencing it, sure, the cost would come down. But then you are 
sacrificing on the other end the data that you can get from your output. You can find some 

splicing information, sure, but are you finding the rare transcripts? Are you finding all the 
splicing isoforms? No. 

 

So this is where you need to be more careful when you are making a comparison purely based 
on pricing. In the long run, right now the arrays are cheaper than sequencing. If the 

amplification kits and the technology become cheaper, then sequencing might become more 
directly comparable. But given that option, if people do more sequencing, the arrays can 

become even cheaper because you will have more updated content—so it’s going to be one 
catching the other. In my opinion, arrays right now are where qPCR technology used to be. 
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1:00:00  Final comments  

 

1:00:12  Dr. Chittur 

The only thing I would say is, don’t just jump on the bandwagon and go gung ho for 
sequencing. Any experiment you do, spend some time talking to people and designing your 

experiment properly. A quick and dirty experiment may not necessarily be cheap in the long 
run because you might go chasing something that is not true. You might have a lot of false 

positives and false negatives, so experimental design is where you should spend the most 

amount of time in designing your experiment. Make sure you have the right number of 
replicates; make sure you know what you’re asking. If my question is to look for splicing, 

then you need to find out, “Am I getting enough data to answer that question?” regardless 
of the technology. If I’m looking for splicing and I’m using a gene ST array, I’m making the 

same mistake. So those are the things I would think about, and good luck on all your 
experiments. 

   

1:01:10  Dr. Gökmen-Polar 

Well, based on experience, I definitely recommend using the next-gen microarrays [from 

Affymetrix]. And RNA-Seq, yes we have also used it, but in terms of efficiency I would say 
that in my own research, we could get really accurate and really good data from those 

microarrays. I would definitely suggest the next-generation microarrays because it is not the 

ones that we think of, these are the ones that also provide the high-throughput full-
transcriptome coverage. I would definitely recommend them based on my experience. 

 
 
 

Once again, I would like to thank our speakers, Dr. Sridar Chittur and Dr. Yesim Gökmen-Polar, 
today, as well as our sponsor, Affymetrix, for making it possible to bring this presentation to you.  
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