









































































































































































































































FDR ~ 20%

Nlumina | Affymetrix
Total number of significant 109 698
genes =
Comparable genes 70 (63.3%) | 277 (39.7%) Tlumina Affymetiix
Non-comparable genes 39 (36.7%) | 421 (60.3%)
19 genes in both lists 27.14% 6.86%
FDR ~ 10%
Mumina | Affymetrix
Total number of significant 30 91
genes o
Comparable genes 18 (60%) | 32 (35.2%) Tiumina Affymetrix
Non-comparable genes 12 (40%) | 59 (64.8%)
3 genes in both lists 16.7% 9.38%
FDR ~ 5%
[lumina | Affymetrix
Total number of significant 13 2
genes @
Comparable genes 8 (61.5%) 0 (0%) Sl P
Non-comparable genes 5(38.5%) | 2 (100%)

No genes in both lists

Table 3.1: Summary of concordance of the significant genes from two mouse platforms

at different FDRs ~ 20%,10% and 5%.
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ILMN Rank  ILMN Symbol d.statl Affy Symbol d.stat2  Affy Rank
3 Asgr2 5.4133 Asgr2 4.1814 78
Pdk3 5.1086 Pdk3 5.0290 28
6 Asb2 4.7553 Asb2 5.0027 31
8 Axudl -4.6899 Axudl -3.8237 1136
9 Ccl24 4.2490 Ccl24 3.7986 122
11 Nfil3 -4.1250 Nfil3 -0.0407 43763
12 Cblnl -4.0688 Cblnl -1.2688 13249
13 Ifitm6 3.8747 Ifitm6 2.7051 525
17 Mrpl55 -3.6922 Mrpl55 0.7110 26530
18 Duspl -3.5801 Duspl -1.4542 11323
19 Fpr-rs2 -3.5255 Fpr-rs2 -2.2196 5835
22 Itgh7 3.3568 Itgh7 2.7823 475
24 4632408A20Rik  3.2909 | 4632408A20Rik  1.4602 4234
26 Supt16h -3.3031 Supt16h 3.3647 216
27 2310046K01Rik -3.2404 | 2310046K01Rik -1.4984 10991
28 Trpsl -3.2296 Trpsl -0.4951 26666
29 Card4 -3.2178 Card4 1.0254 10032
30 Fos -3.1981 Fos -4.5395 801
31 Dscam 3.2028 Dscam 2.0667 1499
32 1118r1 3.1967 I118r1 2.5179 682
33 Npy 3.1775 Npy 1.6912 2866
35 Zfp148 -3.1764 Zfp148 3.7954 124
37 D16Ertd472e -3.0588 D16Ertd472e -1.0797 15563
39 P1k3 -3.0393 P1k3 0.6902 27663

Table 3.2: The table of comparable significant genes from the Illumina platform and

the corresponding ranking in the Affymetriz mouse platform.
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Affy Rank Affy Symbol d.statl | ILMN Symbol d.stat2 ILMN Rank
4 Hmox1 6.7240 Hmox1 1.4485 3417
9 Ltb 6.0617 Ltb 1.0483 10316
10 G-11 5.9440 G-11 -1.7239 532
11 Marcks 5.8497 Marcks 1.4241 4279
12 Tsc22d3 5.8306 Dsipl 0.0245 23375
13 Pfnl 5.8224 Pfnl 0.6335 16014
14 Apba3 5.7410 Apba3 -0.6253 5966
15 Ctnnd2 5.5282 Catnd2 2.0893 446
16 Ddost 5.4648 Ddost 1.3549 5082
18 2610510E02Rik  5.3930 | 1700025G04Rik  1.1861 7805
19 Mgst3 5.3833 Mgst3 -1.1420 2046
28 Pdk3 5.0290 Pdk3 5.1086 5
31 Asb2 5.0027 Asb2 4.7553 6
39 Por 4.7989 Por 1.8608 804

Table 3.3: The table of comparable significant genes from the Affymetriz platform and

the corresponding ranking in the Illumina mouse platform.
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3.3 Compare to Another Paper

In another paper by Barnes et al. (2005), they compared reproducibility of the
Affymetrix and the Illumina platforms based on a series of dilution studies using
the human microarray products. It was found that the agreement between these two
platforms is very high, especially for those genes that are predicted to be differentially
expressed. It was shown that, firstly, the level of gene expression is an important fac-
tor in making a good cross-platform comparison and within-platform comparison as
well, secondly, the precise location of the probe on the genome also plays an important
role when comparing the two platforms.

Compare the findings from our study to the above paper, although the two studies
used different experimental designs and different microarray products and approaches
of statistical analysis, our studies more focused on the SAM perspective. We arrived
at similar findings to a certain degree; both studies suggest a good within-platform
reproducibility on the Illumina platform. Besides, our study partially verified the
finding that the level of gene expression plays an important role during the within-
and cross-platform comparison. We say partially because what we find is only true for
the Illumina platform but not for the Affymetrix according to the mapping file. Plus,
as pointed in Barnes’ paper, we believe that the precision of the annotation mapping
file has a huge impact on the cross-platform comparison. We hope that the mapping
file does map the two different probelDs to the same location on the genome, so we

know that they are measuring the same thing on both platforms.

68



Chapter 4

Across Platform Reproducibility
Using the Rat Data

In this chapter we check the reproducibility across the Affymetrix GeneChip (“RAE230v2”)
and Illumina BeadChip (“RatRef-12 v1”) platforms through the SAM analyses using
another experiment in the rat model. The rat data is described in Section 1.3.2. We
investigate the concordance of those comparable significant rat genes arising from the
SAM analyses of both platforms. The result is also compared to that of the mouse

data from the previous chapter.

4.1 Comparing the SAM Analyses

As we did in the mouse chapter, we produced the “averaged Illumina rat data” by
averaging the expression values from the technical replicates. We performed the SAM
analysis and compare its result with the SAM analysis using the Affymetrix GeneChip

rat data. Quantile normalization methods for both platforms are used in the same
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Figure 4.1: SAM plot comparison between Illumina and Affymetriz analysis using the

rat data.

way as we did for the mouse data. Figure 4.1 illustrates both SAM plots at the FDR
~ 20%. We will compare the SAM analyses of both platforms at different FDR cutoff

points at 5%, 10% and 20% in the following sections.

4.1.1 Comparing the SAM Plots and Boxplots

Comparing the two SAM plots in Figure 4.1 (FDR ~ 20%), we find that they dif-
fer slightly in terms of the number of significant probes or probe sets, but there is
quite a big difference in the tail behavior. Compared to the Illumina SAM plot, we
find that Affymetrix analysis gives fewer “under-expressed” genes in the lower-left
tail than the Illumina analysis, e.g., only one significant probe set with negative d-
statistic was detected to be significantly under-expressed. Notice that the terms of

“under-expressed” and “over-expressed” are referred to the gene expression behavior
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comparing the parental (BB) rat against the congenic (BB7B) rat strain.

The boxplots in Figure 4.2 show the variances of the mean difference of the gene
expression value and log fold-change on the Illumina and the Affymetrix platforms.
Compared to the mouse platform (Figure 3.3), we find the rat data suggests a very
similar variation of the mean difference and the log fold-change across the two mi-
croarray platforms. That is, the variation in Affymetrix platform from rat data is

much smaller than that from the mouse data.

4.1.2 Comparing the (Comparable) Significant Genes

Again, we only investigate the concordance of those comparable rat genes across
the two platforms. The comparable genes are subsetted based on the Illumina’s
annotation mapping file that maps the [llumina probelDs on the “RatRef-12 v1”
BeadChip to the Affymetrix probelDs on rat “RAE230v2” GeneChip.

Figure 4.3 gives the scatter plot of the d-statistics and the Pearson’s correlation
coefficient among those comparable genes in two platforms, from which we find that
the Pearson’s correlation coefficient is 0.4223 which is not very high but much better
than the coefficient we found in the mouse data (0.1464).

From the significant probe list tables (refer to Table 4.2 and Table 4.3) we find
that, at 20% FDR, within the list of 127 significant probes from the Illumina analysis,
there are 71 probes which are comparable to the Affymetrix platform according to
the mapping file. On the other hand for the Affymetrix list, only 29 out of the 84
significant probe sets are comparable to the Illumina platform. For example, the first
comparable significant gene in the Illumina list is “Defa”, and the second is “Np4”

(3rd in the original overall ranking in the Illumina platform when including those
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Figure 4.2: Bozplots for the mean difference expression and the log fold-change com-

parison between the Illumina and Affymetriz analysis using the rat data.
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Scatter Plot of significant gene d.stat(d1, d2)
Pearson’s correlation coefficient = 0.4223
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Figure 4.3: Pairwise scatter plot of the d-statistics of those common genes from two

rat microarray platforms and the Pearson’s correlation coefficient.
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non-comparable genes). The corresponding ranking for these two comparable signif-
icant genes in the Affymetrix list are the 1st and the 2nd (original overall ranking).
Furthermore, we find 16 such comparable genes that are in both significant lists at
this FDR level of 20%. This forms the percentage of 22.5% for the Illumina list and
55.2% for the Affymetrix list for these comparable significant genes. As we did in the
mouse data analysis, we summarized these percentage statistics of these comparable
and common significant genes in Table 4.1, along with the Venn diagrams to show the
agreement between these two significant lists, at three different FDR cutoff points of
20%, 10% and 5%.

Table 4.2 and Table 4.3 shows the comparable top 40 significant genes from both
the Illumina and Affymetrix platforms and the corresponding rankings and d-statistics
in the other platform. From these tables we find that the overall concordance between
the two platforms is still fairly poor, but seems better than the ranking tables from
the mouse analysis. This is also reflected in the higher correlation coefficient. Further-
more, we didn’t find any opposite signs of the d-statistics which indicate the totally
different expression behaviors.

Comparing these percentage statistics in Table 4.1, we find that, a lower (5%)
FDR cutoff point improves the comparability of the significant genes between the
two platforms. The percentage of those common significant genes increases to 40%
and 100% from 12.9%, 50% when FDR = 10% and from 22.5%, 55.2% when FDR
= 20%. The increase in the percentages indicates a better concordance for those
extremely significant genes in the two platforms. Again, this finding is similar to

what we have found from the mouse data in the previous chapter.
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FDR ~20%

lumina | Affymetrix
Total number of significant 127 84
genes
Comparable genes 71 (55.9%) | 20 (34.5%) | vmina Affymetrix
Non-comparable genes 56 (44.1%) | 55 (65.5%)
16 genes in both lists 22.5% 55.2%

FDR ~ 10%

Nlumina | Affymetrix
Total number of significant 56 21
genes
Comparable genes 31 (55.4%) | 8 (38.1%) fsiinig Aftymetrix
Non-comparable genes 25 (44.6%) | 13 (61.9%)
4 genes in both lists 12.9% 50%

FDR ~ 5%

Mlumina | Affymetrix
Total number of significant 8 3
Eenes Affymetrix
Comparable genes 5 (62.5%) | 2 (66.7%) IHlumina
Non-comparable genes 3 (37.5%) | 1(33.3%)
2 genes in both lists 40% 100%

Table 4.1: Summary of concordance of the significant genes from the two rat platforms

at different FDRs ~ 20%,10% and 5%.
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ILMN Rank ILMN Symbol d.statl Affy Symbol d.stat2  Affy Rank
1 Defa 11.4662 Defa 9.0358 1
3 Np4 9.0542 Np4 8.9842 2
5 MGC93766 8.8321 Abhd14b 2.3946 280
7 RGD1307811 8.6268 Spbc25 2.4979 228
8 Nradd 8.3999 Nradd 3.1356 83
11 Tmepai_predicted  7.5463 | Tmepai_predicted 1.2771 2120
14 Cklfsf8 6.4120 Cmtm38 1.1348 2819
17 Cerl -7.4030 Cerl -2.8037 856
19 Cdkn3_predicted  6.1521 Cdkn3_predicted  2.1955 401
20 Ugt8 6.1513 Ugt8 0.6999 7254
22 Ldhc 5.8520 Ldhce 3.3581 63
24 Cspgb -6.7348 Cspgb -2.2186 2358
26 LOC362626 5.5358 RGD1359529 2.0191 546
28 Stk16 5.4746 Stk16 1.4787 1452
29 S100a9 5.4091 S100a9 1.4124 1635
30 Orml 5.3726 Orml 2.7379 146
31 Gfil 5.3614 Gfil 3.4216 59
35 LOC363028 5.1781 | Spbc24_predicted 2.0162 550
37 Nkg7 5.1216 Nkg7 3.1254 84
38 LOC360847 5.1104 | Ube2t_predicted  2.0310 532
39 LOC308607 5.0923 E2f8 2.7090 157

Table 4.2: The table of comparable significant genes from the Illumina platform and

the corresponding ranking in Affymetriz rat platform.
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Affy Rank Affy Symbol d.statl | ILMN Symbol d.stat2 ILMN Rank

1 Defa 9.0358 Defa 11.4662 1

2 Np4 8.9842 Np4 9.0542 3

5 RGD1560913_predicted  6.7699 LOC499322 2.2627 542
12 Rnpep 5.2130 Rnpep 3.1457 143
13 Ntbe 4.9527 Nt5 4.6760 45
15 Pacsinl 4.6739 Pacsinl 0.2144 17218
16 Fut2 4.5625 Fut2 4.8189 42
21 Zbpl 4.2633 Zbpl 3.7265 91
22 Ceacaml 4.2420 Ceacaml 0.2824 16150
26 Len2 3.9471 Len2 4.0892 66
28 Rrm2_mapped 3.9280 Rrm?2 1.7558 1764
31 Ms4a?2 3.8555 Ms4a2 4.4456 52
39 LOC24906 3.7298 LOC24906 4.1379 64

Table 4.3: The table of comparable significant genes from the Affymetriz platform and

the corresponding ranking in the Illumina rat platform.

77




4.2 Comparison with the Mouse Data Analysis

In addition to the above findings, after comparing the rat analysis shown in Table 4.1
with the mouse analysis shown in Table 3.1, we find that the rat data suggest a better
overall agreement across the two platforms for those comparable significant genes than
the mouse data. This is true both in terms of the Pearson’s correlation coefficient
(0.4223 v 0.1464) and the percentage of common significant genes. Especially, with a
lower FDR at 5% (for the top significant genes), the rat data suggests a much better
agreement across the two platforms compared to the mouse data analysis. The two
most significant comparable genes are the same in both platforms (Defa and Np4).

Besides, as shown previously in the boxplots of the mean difference and Log fold-
change, the variations for the rat data are greatly improved compared to the mouse
data (Figure 4.2 and Figure 3.3).

We will discuss and summarize the possible reasons for this improvement in the

overall comparability between these two rodent models in the conclusion chapter.
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Chapter 5

Conclusions and Future Work

5.1 Conclusions

In this report, we discussed the within and across platform reproducibility between
two major expression profiling microarray platforms, the Affymetrix GeneChip and
[lumina BeadChip. From the study we find that, the reproducibility within the
[lumina platform is pretty good in terms of the data quality and SAM analysis,
especially for the most differentially expressed genes. However, as expected and seen
on the Affymetrix platform, day effect does exist for the Illumina BeadChip platform
as well. We also find that, due to the way the Beadarrays are packed on the [llumina
Sentrix™ platform, proper procedure of RNA preparation and hybridization can
efficiently reduce the Illumina chip effect.

For the across platform reproducibility we find that, using the mapping file (both
mouse and rat) provided by Illumina gives a fairly poor overall reproducibility of those
comparable significant genes across the platforms. However, the rat data do show

better overall concordance and smaller variance in the mean difference than the mouse
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data do. We suspect that the improvement is due to the relatively larger genomic
difference between the two rat strains. This shows the evidence that the genomic
difference in biological samples could be a confounding variable that will affect the
across platform reproducibility in microarray experiment. In addition, we find there
is obviously better reproducibility for those extremely differentially expressed genes
(top significant genes) across the two platforms. These findings partially agree with
Barnes et al. (2005).

In addition to the agreements between the two platforms, we also find a lot of dis-
agreements. Especially for the mouse data, it reveals that some genes are significantly
under-expressed in the Illumina platform are actually significantly over-expressed in
the Affymetrix platform. We conclude several reasons that might cause these dis-
agreements as below:

First, as suggested in Barnes et al. (2005), the accuracy of the annotation plays
a very important role when comparing the two platforms. The annotation that we
used in our analysis (the mapping file from the Illumina) could be a major source of
bias that caused the discrepancy in the resulting significant gene lists.

Secondly, under our biological assumption that most genes on the microarray are
not differentially expressed, the experiments produce a lot of noise in the data. This
low signal/noise ratio initially makes the across platform reproducibility lower.

Lastly, we used the same normalization method for both platforms, but this could
also be a source to introduce bias to the comparison. We should use the optimal
preprocess method to achieve the best SAM results for each individual platform and
thus obtain the best comparability across the two platforms. However, the optimal
normalization/preprocessing methods for both platforms, especially the BeadChip

data, are still being developed and more study needs to be done in the future work.
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5.2 Future Work

A lot of work could be done to look further into the questions of across platform
reproducibility.

As mentioned above, more research should be done in the preprocessing methods in
order to get the optimal normalized expression data for both Affymetrix and [llumina
platforms. For this reason, for example, the GCRMA and other algorithms could be
applied or need to be developed to use the probe level information for both GeneChip
and BeadChip platforms.

Secondly, rather a more bioinformatical than a biostatistical research task though,
another avenue for the future work is to find a more accurate and comparable anno-
tation files for different microarray platforms. We believe a more accurate annotation
linkage file between the Affymetrix and Illumina platforms would greatly improve the
across platform reproducibility.

Finally, although we didn’t test the significance of the suspicious confounding vari-
able as mentioned previously, in order to see a more clear picture of the comparability
(for different biological applications) across the Affymetrix and Illumina platforms,
more experimental design could be performed to investigate how these confounding
variables (e.g., the biological difference on genome of the comparison) can contribute

to the reproducibility across the platforms.
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Appendix A

Glossary

Adenine (A) One of the four bases in DNA. Adenine (A) is always paired

with thymine (T) according to the complementary base-pairing rule.

Affymetriz GeneChip One of the gene expression microarray platforms pro-
duced by Affymetrix, which consists of hundreds of thousands of probe cells,

each containing several million copies of a specific oligonucleotide probe.

Annotation A sequence representation of genetic material with information re-
lating position to gene names, regulatory sequences, repeats, and protein prod-
ucts, etc. This annotation is usually stored in predefined fields in biological

databases, especially sequence databases.

Bioinformatics The field of science in which mathematics, computer science
and information technology are merge into a single discipline to solve biology
problems. This includes recording, annotation, storage, analysis, and search-
ing/retrieval of nucleic acid sequence (genes and RNAs), protein sequence and

structural information, etc.

Chromosome A large, threadlike macromolecule in the cell nucleus that car-
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ries the genes in a linear order. e.g., the human genome consists of 23 pairs of
chromosomes; in each of these pairs, one chromosome comes from the mother

and the other from the father.

Complementary Base-Pairing The two complementary strands of DNA
are connected via hydrogen bonds between base pairs: Adenine (A) is always

paired with thymine (T), and cytosine (C) is always paired with guanine (G).

Cytosine (C) One of the four bases in DNA. Cytosine (C) always is paired

with guanine (G) according to the complementary base-pairing rule.

DNA Acronym for deoxyribonucleic acid. DNA carries the genetic instruc-
tions, in very long sequences of nucleotides, for making living organisms. Two
long strands of DNA in the form of a double-helix structure make up each

chromosome.

DNA Microarray A small glass slide that comprises thousands — or even
hundreds of thousands — of spots, or probe cells. Each of these spots contains
specific genetic material for measuring the expression of a single gene. The
most prominent examples are the Affymetrix GeneChip, cDNA microarrays

and [Nlumina BeadChips.

Gene A segment of DNA involved in producing a polypeptide chain. It can
include regions preceding and following the coding DNA as well as introns be-

tween the exons. Considered a unit of heredity.

Gene Ezxpression A multiple-step process of converting a DNA sequence into

a protein. It consists of “transcription” and “translation” steps.

Genome The full DNA sequence of a organism, constituting a blueprint for
all cellular structures and activities in that organism. Virtually all cells of an

organism contain a copy of the complete genome.
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Guanine (G) One of the four bases in DNA. Guanine (G) is always paired

with cytosine (C) according to the complementary base-pairing rule.
Hybridization The process of joining two complementary strands of DNA.

Illumina BeadChip Another gene expression microarray platform produced

by Illumina.
Locus A location in the DNA sequence.

Mismatch (MM) An oligonucleotide probe used on an Affymetrix microar-
ray to adjust the corresponding perfect match (PM) for background noise and
nonspecific binding. Each MM oligo is a sequence consisting of 25 bases, which
is almost identical to the sequence of corresponding perfect match. Only the
thirteenth base of the MM is complementary to the thirteenth base of the cor-
responding PM.

Nonspecific Binding Hybridization of a mRNA or cDNA sequence to a spot
that actually corresponds to a different mRNA or cDNA sequence.

Oligonucleotide Abbreviated “oligo”. A sequence of single-strand RNA or
DNA often used on microarrays as probe to measure gene expression. The oligo

sequences can consist of different length, usually 25 to 60 bases.

Over-expression A gene is sometimes expressed in increased quantity com-
paring from one biological condition against the other. The increase can be
measured in abundance of transcribed mRNAs, or the fluorescent intensity val-

ues between two biological conditions.

Perfect Match (PM) An oligonucleotide consisting of 25 bases used on
Affymetrix GeneChips to measure gene expression. Each PM is used with its

corresponding mismatch (MM).
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Probe A piece of labeled RNA or DNA used to measure the expression of a

gene.

Probe Set A set of probes pairs that represents a particular gene. On Affymetrix
GeneChips, a probe set typically consists of 11-20 pairs of perfect match and

mismatch probe pairs.

Protein A large, complex molecule. Proteins are responsible for virtually ev-

erything that happens in an organism.

RNA Acronym for ribonucleic acid. A chemical similar to a single strand of
DNA but carrying a different sugar molecule (ribose instead of deoxyribose)

and a different base (uracil [u] instead of thymine).

Southern Blot A method named after its inventor, Edwin Southern. It is

used in molecular biology to check for the presence of a DNA sequence in a

DNA sample.

Thymine (T) One of the four bases in DNA. Thymine (T) is always paired

with adenine (A) according to the complementary base-pairing rule.

Under-expression Contrary to over-expression, a gene is sometimes expressed
in decreased quantity comparing from one biological condition against the other.

See over expression.
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