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Lecture 13: Microarrays in R: Start to Finish

e Source of the Data Set
e Understanding the Sample Information

e First Pass Using dChip

e Starting in R
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Source of the Data Set

In today'’s lecture, we're going to perform a complete
start-to-finish analysis of a microarray data set. We have chosen

to use a leukemia data set that we looked at briefly in an earlier
lecture. The data set consists of U95A microarray experiments on

1. 24 patients with acute lymphocytic leukemia (ALL)
2. 28 patients with acute myeloid leukemia (AML)

3. 20 patients with mixed lineage leukemia (MLL)
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Armstrong, Nat Genet, 2002; 30:41-47
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MLL translocations specify a distinct gene
expression profile that distinguishes a
unique leukemia

er®, Mark
D. Minden’, Stephen E. Sallan'*#, Eric S. Lander®, Todd R. Golub!**? 8

*These authors contributed equally to this work,

Published online: 3 December 2001, DOT: 10.1038/ng765

Acute lymphoblastic leukemias carrying a chromosomal translocation involving the mixed-lineage leukemia gene
(MLL, ALL1, HRX) have a particularly poor prognosis. Here we show that they have a characteristic, highly distinct
gene expression profile that is consistent with an early hematopoietic progenitor expressing select multilineage
markers and individual HOX genes. Clustering algorithms reveal that lymphoblastic leukemias with MLL transloca-
tions can dlearly be separated from conventional acute lymphoblastic and acute myelogenous leukemias. We
propose that they constitute a distinct disease, denoted here as MLL, and show that the differences in gene
expression are robust enough to classify leukemias correctly as MLL, acute lymphoblastic leukemia or acute
myelogenous leukemia. Establishing that MLL is a unique entity is critical, as it mandates the examination of
selectively expressed genes for urgently needed molecular targets.
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Results reported in the paper

MLL is distinct from conventional ALL

e Based on arrays, ~1200 differentially expressed genes

MLL shows multilineage gene expression

e Looking at the expressed genes, find some from B cells and
some from myeloid cells

MLL Is arrested at an early stage of hematopoiesis

Some HOX genes are overexpressed in MLL
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Results reported in the paper

MLL is distinct from AML as well as from conventional ALL

e Principal components analysis
e Selected genes using one-versus-all comparisons

Gene expression profiles correctly classify ALL, AML, MLL
e K-nearest-neighbors (KNN) predictor
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Getting the data

Note: The links to supplementary data listed in the original paper
no longer work (as of the morning of 18 October 2005). However,
the data Is available at: http:
[/Iwww.broad.mit.edu/cgi-bin/cancer/datasets.cqi

- ~
3 Cancer Program Data Sets - Mozilla Firefox g@@

Broad Institute home = programs = cancer genomics = data sets

Cancer Program Data Sets

An RNA interference model of RPS19 deficiency in Diamond Blackfan Anemia recapitulates
defective hematopoiesis and rescue by dexamethasone: identification of dexamethasone
responsive genes by microarray

Manuscript Ebert,%20RPS19%20and%20dex%20in%20DBA,%20Blood%202005.pdf

Commentary in Blood RPS19 paper commentary, Blood 2005.pdf

Gene expression data: CEL files DBA_cel_files.zip

Supplementary Figure S1 Figure S1.pdf

Supplementary Table S1 TableS1.xls

Supplementary Table S2 TableS2.xs

Supplementary Table S3 TableS3.xls

Supplementary Table S4 TableS4 xls

Supplementary Table S5 TableS5.xls

E Find: |galub (& FindNext (&) Find Previous =] Highlight [ Match case

Dane
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Getting the data

Scroll down (or search for “translocations”) to find the data set.
You'll need all six collections of CEL files along with the
“scaling_factors_and_fig_key.txt” that contains the sample
iInformation.

- o
%3 Cancer Program Data Sets - Mozilla Firefox Q@@

MLL translocations specify a distinct gene expression profile that distinguishes a unique
leukemia

File info MLL_supplemental_file_info.txt

Scan ids, scaling factors and figure
key

Expression data, scaled (Affymetrix expression_data.txt

scaling_factors_and_fig_key.tx

Expression data as above, with
Affymetrix A/P calls

Raw data (CEL files) ALL scans

expression_data_plus_APcalls.bx

mll_scans_ALL1 tar.gz

part 1 (40MB)

Raw data (CEL files) ALL scans
part 2 (41MB)

Raw data (CEL files) MLL scans
part 1 (47MB)
Raw data (CEL files) MLL scans
part 2 (47MB)
Raw data (CEL files) AML scans
part 1 (33MB)
Raw data (CEL files) AML scans
part 2 (34MB)

mil_scans_ALL2 tar.gz
mll_scans_MLL1 tar.gz
mll_scans_MLL2 tar.gz
mll_scans_AML1.tar.gz

mll_scans_AML2 tar.gz
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Understanding the Sample Information

B4 Microsoft Excel - scaling_factors_and_fig_key.txt

sample_name
2z ALL_1
3 ALL_2
1 ALL_3
5 ALL_4
5 ALL_S
7 |[ALL_6
8 ALL_7
s ALL_8
0 ALL_9
11 /ALL_10
12 ALL_11
13 ALL_12
14 ALL_13
15 ALL_14
16 ALL_15
17 ALL_16
18 ALL_17
12 ALL_18
20 ALL_19
21 |ALL_20
22 |ALL_21
23 |ALL_22
24 ALL_23

cel Help

@z A &L A4S e -3,

scan name

CL2001011101AA
CL2001011104AA
CL2001011105AA
CL2001011108AA
CL2001011109AA
CL2001011111AA
CL2001011112AA
CL2001011116AA
CL2001011113AA
CL2001011124AA
CL2001011150AA
CL2001011153AA
CL2001011154AA
CL2001011114AA
CL2001011118AA
CL2001011119AA
CL2001011120AA
CL2001011121AA
CL2001011122AA
CL2001011123AA
CL2001011134AA
CL2001011151AA
CL2001011110AA

14| 4 » | M scaling_factors_and_fig_key /

Ready

linear scaling factor paper_figure

1
0.9399
1.6781
1.0635
1.3875
1.1869
1.1951
1.2615
1.5606
1.2855
1.1064
1.2399
1.4928
1.0762
1.3057
1.1453
1.13562
1.1639
1.2322
1.2835
1.1707
1.2464
1.3895

Arial

D

TRAINffigs.1,4,5
TRAINfigs.1,4,5
TRAINffigs.1,4,5
TRAINffigs.1,4,5
TRAINfigs.1,4,5
TRAINfigs.1,4,5
TRAINffigs.1,4,5
TRAINffigs.1,4,5
TRAIN/figs.1,4,5
TRAINffigs.1,4,5
TRAINfigs.1,4,5
TRAINffigs.1,4,5
TRAINffigs.1,4,5
TRAINfigs.1,4,5
TRAINfigs.1,4,5
TRAINffigs.1,4,5
TRAINffigs.1,4,5
TRAINfigs.1,4,5
TRAINffigs.1,4,5
TRAINfigs.1,4,5
testffigs 4,5

testffigs 4,5

test/figs 4,5
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Including critical factors

£ Microsoft Excel - krc-sample-info.xls @@@
jle Edi -- cel Help

é:, T A &% i S0 - (7)) sl

1 .Scan hame Sample Name type Split
2 CL2001011101AA  ALLO1 ALL Training
3 CL2001011104AA  ALLO2 ALL Training
4+ CL2001011105AA  ALLO3 ALL Training
CL2001011108AA  ALLO4 ALL _Training
5 | CL2001011109AA  ALLO5 ALL Training
7 |CL2001011111AA  ALLO6 ALL Training
g CL2001011112AA  ALLO7 ALL Training
g CL2001011116AA  ALLO8 ALL Training
1 CL2001011113AA  ALLQO9 ALL Training
11 CL2001011124AA  ALL10 ALL Training
12 CL2001011150AA  ALL11 ALL Training
13 CL2001011153AA  ALL12 ALL Training
14 CL2001011154AA  ALL13 ALL Training
15 CL2001011114AA  ALL14 ALL Training
16 CL2001011118AA  ALL15 ALL Training
17 CL2001011119AA  ALL16 ALL Training
18 CL2001011120AA  ALL17 ALL Training
12 CL2001011121AA  ALL18 ALL Training
20 CL2001011122AA  ALL19 ALL Training
21 CL2001011123AA  ALL20 ALL Training
22 CL2001011134AA  ALL21 ALL Test
23 CL2001011151AA  ALL22 ALL Test
24 CL2001011110AA  ALL23 ALL Test

4] 4 [» [ W]\ krc-sample-info / [«]
Ready
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First Pass Using dChip

Early in the course, we used this data set in dChip. One of the
things we discovered was that the samples were run on two
different iterations of the U95A GeneChip. The ALL and MLL
samples were run on version 1 of the U95A and the AML
samples were run on the U95Av2 chip.

Our first step in dealing with this issue was to install the CEL files
Into two different directories. In dChip, we handle this by first
producing a “data file list” that tells dChip which directories to
look Into:

" |
B krc-data-file-list. txt - Notepad Q@@

File Edit Farmat View Help

G:\ShortCourse\CELF1 les
G:\ShortCourse\AMLCELFiles
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Probe Set Mask File

We also have top produce a “probe set mask” file that tells dChip
which probe sets to ignore (since they changed from one version
of the chip to the next).

r Bl
I hg_u95av2 probe set mask. txt - Notepad Q@@
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dChip analysis

1. Load the files into dChip using

e The sample information file
e The data file list

e The U95Av2 CDF file

e The probe set mask

2. Normalize to array ALL21 (median brightness)

3. Quantify using the PM-only model
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dChip quality check

dChip flags several arrays as outliers:

e ALL10, which has the highest overall brightness
e MLLQO9, which has the lowest overall broightness
e ALLO4, ALL16, AMLOS8

=] File Edit

B
1 Number Array
2 1 ALLO1

2 ALL24

3 ALLO2

4 ALLO3

5 ALLO4

6 ALLD5

7 ALL23

8 ALLD6

9 ALLO7

10 ALLO9

11 ALL14

12 ALLO8

13 ALL15

14 ALL16

15 ALL17

16 ALL18

17 ALL19

18 ALL20

19 ALL10

20 MLLO1

21 MLLO2

22 MLLO3

24 23 MLLO4

-
£ Microsoft Excel - affyShortCourse arrays.xls

File Name

g:\ShortCourse\CELF
g:\ShortCourse\CELF
g:\ShortCourse\CELF
g:\ShortCourse\CELF
g:\ShortCourse\CELF
g:\ShortCourse\CELF
g:\ShortCourse\CELF
g:\ShortCourse\CELF
g:\ShortCourse\CELF
g:\ShortCourse\CELF
g:\ShortCourse\CELF
g:\ShortCourse\CELF
g:\ShortCourse\CELF
g:\ShortCourse\CELF
g:\ShortCourse\CELF
g:\ShortCourse\CELF
g:\ShortCourse\CELF
g:\ShortCourse\CELF
g:\ShortCourse\CELF
g:\ShortCourse\CELF
g:\ShortCourse\CELF
g:\ShortCourse\CELF
g:\ShortCourse\CELF

W 4 » | »]\ affyShortCourse arrays /

Median Intensity

1497
1196
1778
1097
1489
1573
1436
1410
1242
1122
1783
1599
1499
1310
2280
1216
1438
1632
3097
1280
1169
1669
1173

P call % % Array

48.2
383
495
36.8
38.7
46.6
46.3
475
49.8
43.8
45.7

1.648
3.778
1.450
3.152
5.299
0.855
0.467
0.554
1.933
1.719
1.703
1.370
1.093
6.384
1.077
2.210
1.711
0.919
8.729
0.808
2.503
0.333
0.531

outlier % Single outlier Warning

0.099
0.432
0.144
0.375
0.216
0.120
0.064
0.092
0.164
0.121
0.108
0.264
0.228
0.256
0.202
0.166
0.459
0.558
0.952
0.219
0.313
0.190
0.118
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