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and Class Discovery

2/122/16 1 Chuck Perou (Department of Genetics) i Introduction to Genomics and Big Data, and Cancer
Subtype Class Discovery using gene expression data

- Katie Hoadley (Department of Genetics) i Introduction to TCGA Data Portal

2/29/16 1 - Katie Hoadley (Department of Genetics) i Multi-platform Data Analysis and Across
Technology Data Integration

- Joel Parker (Department of Genetics) i Methods and Challenges in the Analysis of
NextGen Sequence Data for DNAseq and RNAseq

3/7/16 1 Steve Marron (Department of Statistics and Operations Research) i Methods for Addressing
Data Heterogeneity and Integration

3/14/16 7 Spring Break

3/21/16 7 Andrew Nobel (Department of Statistics and Operations Research) 1 Exploratory Analysis of
Genomic Data

3/28/167 In Class Student Presentations (70%) and 2-3 page Written Report (30%) covering a unique
analysis performed on TCGA Cancer Genomics Data
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- Katie Hoadley (Department of Genetics) i Introduction to TCGA Data Portal

Reading list

Eisen et al., PNAS 1998 (PMID:9843981)
Perou et al., NATURE 2000 (PMID:10963602)
Parker et al., JCO 2009 (PMID:19204204)

TCGA Breast Cancer Genomic Data Sites
https://tcga-data.nci.nih.gov/docs/publications/brca_2015/
https://Ibg.unc.edu/~hoadley/BRCA.817.rsemg.ugnorm.counts.txt
https://Ibg.unc.edu/~hoadley/BRCA.817.rsemg.ugnorm.counts.intrinsic.txt




What Is Big Data?
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Blg Data?
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http://cancergenome.nih.gov/
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About Cancer Genomics Cancers Selected for Study Research Highlights Publications News and Events About TCGA ‘

The Cancer Genome Atlas @ tndentanding genomics

to improve cancer care

TCGA Fourth Annual
Scientific Symposium

The Cancer Genome Atlas (TCGA) Data Portal

{ Monday, y 11 - Tuesday, 2,2015 provides a platform for researchers to search, L}
National Institutes of Health, Bethesda, Md download, and analyze data sets generated by
This open scientific meeting will consist of TCGA.
collaborative workshops, poster sessions
and plenary sessions.
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Percent of Total

Cause of Death Deaths

All Causes 100
1 Heart Disease 23.9
2 Cancer 22.5
3 CLRD (Lung diseases) 5.1
4 Accidents o)
) Cerebrovascular disease (stroke) o)
6 Alzheimer's disease 3.3
I Diabetes 2.9
8 Influenza and pneumonia 2.2
9 Kidney disease 1.8
10 Suicide 1.6

All other causes 264



Estimated new cases*

Males Females

Prostate 238,590 28% Breast 232,340 29%

Lung & bronchus 118,080 14% Lung & bronchus 110,110 14%
Colorectum 73,680 9% Colorectum 69,140 9%

Urinary bladder 54,610 6% Uterine corpus 49,560 6%
Melanoma of the skin 45,060 5% Thyroid 45,310 6%
Kidney & renal pelvis 40,430 5% MNon-Hodgkin lymphoma 32,140 4%
Mon-Hodgkin lymphoma 37,600 4% Melanoma of the skin 31,630 4%

Oral cavity & pharynx 29,620 3% Kidney & renal pelvis 24 720 3%
Leukemia 27,880 3% Pancreas 22 480 3%

Pancreas 22,740 3% Ovary 22,240 3%

All Sites 854,790 100% All Sites 805,500 100%

Estimated deaths

Males Females

Non-Hodgkin's lymphoma 10,590 3% Liver & intrahepatic bile duct 6,780 2%
Kidney & renal pelvis 8,780 3% Brain & other nervous system 6,150 2%

Lung & bronchus 87,260 28% Lung & bronchus 72,220 26%

Prostate 29,720 10% Breast 39,620 14%

Colorectum 26,300 9% Colorectum 24,530 9%

Pancreas 19,480 6% Pancreas 18,980 7%

Liver & intrahepatic bile duct 14,890 5% Ovary 14,030 5%
Leukemia 13,660 4% Leukemia 10,080 4%

Esophagus 12,220 4% Non-Hodgkin lymphoma 8,430 3%

Urinary bladder 10,820 4% Uterine corpus 8,190 3%

All Sites 306,920 100% All Sites 271,430 100%




Breast Tumor, Grade lll, Estrogen and Progesterone Receptor Positive, HER2-negative
T3 tumors (diameter >5cm), N1 (lymph node metastasis positive),

Died after 9 months
T
4 :_.‘ 4

4 AR LA . s B O R A A 5,
Died after 17 months Alive for 96 months
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An Introduction to Bioinformatics Algorithms  www.bioalgorithms.info

Central Dogma: DNA -> RNA -> Protein

P

AR d, i; DNA CCTGAGCCAACTATTGATGAA
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NAME BC/FUMIO BC/FUMI4 BC/FUMI4 BC601B-A BC601A-E BC/FUMI1 BC/FUMI2 BC/FUMI2 BC/FUMI1 BC/FUMI1 BC102B-B BC/FUMI2 BC/FUMI3 BC/FUMI3 BC/FUMI1 BC/FUMI1

adipose differentiation-related prote 0.242 1.21 -0.253 -0.841 -0.423 -0.363 -0.852 -1.383 -2.642 0.501 -0.25 -0.605 -0.636 0.229 -0.626
plasminogen activator, urokinase re 0.908 0.485 -0.397 -0.767 -0.886 -0.251 -0.683 0.057 -0.317 -1.2 0.125 -0.536 -0.248 -0.365
plasminogen activator, urokinase re 0.4635 0.3545 -0.8975 -1.23  -0.8335 0.0175 -1.002 0.1555 -0.4325 -1.008 -0.1785 -0.7445  -0.1485 0.0555 0.2055
coronin, actin binding protein, 1C / 0.551 0.151 -0.422 0.007 -0.638 0.087 -0.689 -0.91 -0.853 0.052 -0.492 -0.201 -0.152 -0.368 -0.741
**coatomer protein complex, subun -1.061 -0.8655 -0.1235 -0.9895 0.3815 -0.4955 -0.2775 -0.1465 -1.109 -0.8635 0.2615 -0.0905 -0.3225 -0.6035 0.0195 -0.9345
coactosin-like protein R78490 -0.8835 -0.4545 0.2375 -1.177 0.2155 -0.2975 -0.9385 -0.2815 -1.494 -0.5985 0.4095 -0.3465 0.2185 -0.1345 -0.2895 -0.5525
folylpolyglutamate synthase R4486« 0.686 1.583 1.313 0.048 -0.272 -0.143 -0.394 0.423 -0.445 -0.854 0.322 -0.03 -0.412 0.214 -1.098 -0.175
lysozyme (renal amyloidosis) N639 -0.18 1.155 1.575 -1.635 0.355 0.295 -0.805 0.135 -2.145 -0.955 0.575 0.735 -0.435 -0.855 -0.8 -1.705
chemokine (C-C motif) receptor 1 AAO36881 0.524 1.233 -1.459 -0.095 -0.122 -0.196 0.101 -0.942 -0.2 -0.133 -0.549 -0.763 -0.059
interferon, gamma-inducible proteir -0.181 -0.062 0.37 0.064 0.418 -0.33 -0.098 -0.289 -1.042 -0.332 0.907 1.056 -0.8 -0.193 -0.789 -1.25
cystatin B (stefin B) H22919 -0.188 -0.489 -0.603 0.074 -0.212 -0.295 -0.54 -0.535 -0.453 -0.479 -0.021 0.291 -0.651 -0.536 -0.401 -0.511
cathepsin S AA236164 -0.791 0.334 -0.316 0.723 -0.46 0.39 -0.452 -0.413 1.063 -0.849 -1.088 -0.94 -1.291
small inducible cytokine A2 (monoc 0.2665 0.2955 0.5315 -0.1285 0.4255 -1.099 -0.7265 -0.6035 -1.052 -1.438 0.1355 0.0365 -0.4335 0.0875 -1.218 -0.7785
natural killer cell transcript 4 AA45¢ 0.483 0.348 0.575 -0.685 0.971 -0.335 -0.222 -0.116 -1.644 -0.66 -0.322 0.885 -0.08 -0.02 -0.441 -0.51
superoxide dismutase 2, mitochonc 0.431 0.301 -0.836 0.519 -0.492 -0.834 -0.86 0.781 0.005 -1.163 -1.283 -0.969 -0.586
superoxide dismutase 2, mitochondrial AA487 0.3185 -0.6835 0.4865 0.6925 -0.7895 -0.6005 -0.5815 0.4995 0.0165 0.3755  -0.1225 -1.129 -1.137 -0.6935
transforming growth factor, beta-int 0.0235 0.6525 -0.3785 -0.5505 -0.3675 -0.4755 -0.1105 0.3435 0.0785  -0.4735 0.7925 1.532) -0.3355 -0.0885 0.2495 -0.1985
glycine dehydrogenase (decarboxy -1.122 -1.412 -1.275 -1.764 -0.611 1.259 -1.25 -0.76 -2.159 -1.72 -1.017 -0.972 -0.715 -0.543 -0.658 -0.818
syndecan 2 (heparan sulfate protec -1.828 -1.7 -1.409 -1.964 -0.975 1.516 -1.24 -1.75 -2.219 -2.477 -1.08 0.29 -1.641 -2.045 -0.315 -1.356
glutathione S-transferase pi R3364! -1.726 -1.892 -1.568 1.528 -1.346 -2.157 -3.114 -3.146 -0.943 0.236 -1.349 -1.674 -0.416 -1.557
chitinase 3-like 2 AA668821 -0.771 -1.436 -1.454 -0.813 -1.578 0.312 -0.167 (o] -0.469 0.129 -0.566 -0.489
nuclear factor I/B W87528 0.464 -1.314 -0.187 -1.429 -0.189 0.551 -1.94 -1.372 -2.152 -1.825 -0.441 -0.928 0.316 -1.188
ras homolog gene family, member -1.382 -0.471 -0.421 0.304 -0.448 -0.805 -0.945 -0.737 -1.222 -0.915 -0.713 -0.167 0.09 1.074 -0.393
ras homolog gene family, member -1.311 -0.763 -0.61 0.198 -0.764 -0.391 -0.867 -1.469 -1.106 -0.486 -0.778 -0.579 0.812 0.348 -0.222
**zinc finger, DHHC domain containing 5 AA4 -0.965 -0.571 -0.304 -0.328 -0.417 -0.518 -0.473 -0.973 -0.94 -0.926 -1.153 -0.462 -0.683 0.828 0.347
keratin 5 (epidermolysis bullosa sin -0.309 -0.485 -0.748 -0.909 -0.403 -0.127 -0.371 -0.778 -1.596 -1.787 -0.782 0.242 -0.559 -0.804 0.79 0.374
keratin 5 (epidermolysis bullosa simplex, Dowli -0.655 -2.421 0.301 0.689 -0.38 -0.131 -1.647 -1.396 0.248 -1.118 -0.389 -1.423 1.963 -0.068
keratin 17 AA026100 -0.593 -2.294 0.181 -0.45 0.457 -1.132 -0.754 -2.708 -0.641 -0.148 -0.201 0.161 2.264 1.758
tripartite motif-containing 29 AAO5E -0.523 -0.763 -0.726 -0.155 -0.401 -1.8 -1.591 -1.789 -1.076 -0.929 -1.132 -1.051 -0.24
pleiomorphic adenoma gene-like 1 AA463204 -0.7035 -0.5595 -0.7765 -0.2835 -0.1885 -1.466 -2.035 -0.1475 -0.7075 -0.4025 -1.054 0.3535 -0.5835
secreted frizzled-related protein 1 AA0O02080 -1.951 -2.022 -1.982 0.069 -0.117 -1.543 -2.996 -2.657 -0.275 -1.187 -0.262 -0.688 3.135 0.295
Homo sapiens cDNA FLJ11796 fis, clone HEN -1.425 -0.74 -0.798 0.243 -0.225 -0.061 -0.957 -0.001 -0.491 -0.28 0.595 -0.721
ESTs AA074677 -0.411 -0.412 -0.879 -0.78 -0.401 -0.135 -0.508 -2.237 0.077 -0.72 -1.057 -1.301
pellino homolog 1 (Drosophila) W8(  -0.3805 -1.159 -0.6945 -0.3935 -0.1785 -0.3665 -0.3835 -0.2825 0.1245 0.3185 0.2735 -1.329  -0.9455 -1.313 -0.4235
matrix metall -0.04
moesin R22! . 0.24 -0.314
e 10,000 tumors X 5,000 genes = 50,000,000 data points = <
chitinase 3-1 ) ) ) 3 -1.262
annexin A8, . .—_.__ [ cimem eeemee o ee—eeeemee il - e S . -.619 0.519
hypothetical protein FLJ20481 N32 -0.078 -0.939 -1.002 0.058 -0.058 -0.158 -1.65 -0.794 -1.612 0.17 1.318 0.404 -0.312 -0.039
ADP-ribosylation factor-like 7 N352 -0.9415 -0.0585 -0.3685 -0.9365 -0.2155 0.0715 -0.2825  -0.5505 -1.107  -0.5855 0.2285  -0.2475 0.1635 -0.1405
cystatin A (stefin A) W72207 -0.532 -0.941 0.909 1.783 0.164 -0.106 -0.577 -1.496 0.588 3.351 -0.73 -0.855
inhibitor of DNA binding 3, dominau -0.46 -0.587 -0.421 -0.358 0.326 0.638 -0.642 -0.224 -0.143 -0.445 -0.58 0.377

complement component 1, r subcol 0.116 0.475 -1.506 0.089 -0.624 0.876 -1.115 -1.773 -0.505 -0.276 -0.204 -1.308 0.584 -0.431
nicotinamide N-methyltransferase 1 0.675 -0.083 0.035 -0.244 0.053 -0.021 -0.365 -1.174 -1.235 -1.789 -0.688 0.972 -0.261 -0.532 0.606 (]
myosin |IE AA029956 -0.6075 -0.5465 -0.8195 -0.3755 -0.3535 -0.5545 -0.6505 -1.089 0.0005 -0.0205 0.1535 -0.1775 -0.0005
major histocompatibility complex, cl -0.494 -0.582 -1.091 -0.32 0.305 -0.098 -0.085 0.262 -1.668 -1.457 -0.039 -0.362 -0.218 -0.838 -0.197 -0.537
fatty acid binding protein 7, brain W72051 -1.595 -2.086 -1.717 -0.387 -2.433 -0.184 -1.441 -0.603 0.446 0.728
kynureninase (L-kynurenine hydrolase) H874" -0.342 -0.591 1.233 0.358 -0.954 -1.687 -1.194 -1.515 -2.291 -0.198 0.075 -0.657 -1.675 -0.58 -1.138
cytochrome P450, subfamily | (dio: 1.065 -0.579 (o] -0.767 0.392 -0.386 -0.479 -0.752 -0.401 -0.549 0.165 0.11 -0.605 -0.779 0.499 -0.131
cytochrome P450, subfamily | (dio: 2.202 -0.047 -0.231 -0.604 -0.234 -0.713 -0.836 -1.99 -1.558 -1.474 0.425 0.622 -0.872 -1.706 -0.579
S100 calcium binding protein A8 (c -1.641 0.014 -1.05 4.29 -0.162 -0.899 -1.625 -1.818 -2.268 -1.165 -1.2 -1.797 -1.329 -1.087
signal transducer and activator of transcriptior -0.2855 -0.6135 2.59 -0.0555 -0.4895 -0.3215 -1.224 -1.718 -1.387 -0.4765 -0.7565 -1.143 -0.8755 -0.9545
gamma-aminobutyric acid (GABA) A receptor 3.044 -1.498 0.076 0.153 -0.766 -0.789 -1.485 -0.69 -0.823 -0.104 -0.235
EphB6 AA609284 0.6365 -1.062 -0.5295 -0.1345 -0.6565 -0.0415 -0.0885 0.0535 -0.3235
secretory leukocyte protease inhibi -2.088 -1.806 -1.596 0.434 -1.378 -1.269 -0.849 -1.961 -2.645 -3.187 -1.637 -0.996 -1.568 0.538 -1.344
aldo-keto reductase family 1, member C1 (dih 0.83 0.835 -0.435 1.743 1.173 -0.558 -1.21 -1.547 -0.834 0.712 0.104 -0.296
latrophilin W74533 -1.28 0.216 -0.322 -0.467 -0.563 0.111 0.383 -0.648 -0.95 -1.333 -0.903 0.469 o 0.274
echinoderm microtubule associatec  -0.0045 -0.1755 -0.1055 0.1595 -0.2585 -0.5155 -1.05 -0.3895 -0.1395 -0.8335 -0.0445 -0.4845 0.0045 -0.7135 0.1435 -0.2125
epidermal growth factor receptor (erythroblast -0.676 -1.527 -0.203 -1.07 -1.157 -0.979 -1.085 -2.181 -1.547 -0.782 -0.768 0.432
ERO1-like (S. cerevisiae) AA1868C 0.3395 0.4075 -0.6115  -0.3415 -0.4095 -0.8285 -0.4075 -0.4405 -0.4075 -1.335 -0.2325 -0.7075 -0.7125 -0.3035
**hypothetical protein FLJ20624 R¢ -0.232 -0.341 -0.153 -0.446 0.838 -1.658 0.466 -0.553 -0.909 -0.199 -0.662 -0.334 0.371 -0.029 0.617
forkhead box D1 AA069132 -1.192 -0.07 -0.666 -0.596 0.02 0.388 -0.54 0.11 -1.016 -1.28 -1.077 -0.051 -0.477 -0.561 0.796
met proto-oncogene (hepatocyte growth factor receptor) AA410591 -1.151 -0.373 0.228 0.322 -0.654 -0.23 0.176 0.74 0.446 0.177
ESTs, Weakly similar to TRHY_HUMAN TRIC} -0.137 -0.378 -0.339 0.263 0.618 0.02 0.518 -1.656 1.242 0.885 0.19 0.389 -0.164
ESTs AA149250 1.847 -0.295 0.293 -0.215 -1.641 -0.868 -0.33 -0.395 0.21 -0.185
Homo sapiens mRNA; cDNA DKFZp5640236¢ 3.135 0.0215 0.3145 0.7915  -0.2245 1.343 -0.0505 -0.1155 1.125 -0.1125 -0.5255 -0.3445
hypothetical protein FLJ10337 AA1 -0.6325 0.8375 0.2155 -0.7935 -0.1815 -0.3315 -0.4795 -0.6435 -0.6095 -0.4435 0.2225 0.0585 -0.3355 0.2375 0.1205

integral membrane protein 3 AA03« -0.998 -0.313 0.52 -1.106 -0.005 -0.618 -0.901 -0.847 -2.533 -2.828 -1.247 -0.647 -1.005 -1.651 -0.119 -0.465
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Cluster analysis and display of genome-wide expression patterns
MicHAEL B. EiseN, PauL T. SPELLMAN, PATRICK O. BROWN, AND DAVID BOTSTEIN
Proc.Natl. Acad.Sci.USA Vol. 95, pp.14863-14868, December 1998
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Unsupervised cluster

B-cells

analysis of 10,000
grossly dissected

T-cells

Macrophages
Fibroblasts

human tumors

Endothelial Cells

>6

<2 median >2 >4

<4

<6




B-cells

T-cells Luminal/ER+ genes
Macrophages HER2 amplicon
Fibroblasts Proliferation

Endothelial Cells

<6 <4 <2 median >2 >4 >6



Proliferation Gene Set

] a Whitfield et al.
' Common Markers of Proliferation
Nature Reviews Cancer

Vol. 6; 99-106 (2006)
PMID:12058064

BUB1

PLK1

Thymidylate Synthetase
EZH2

DNA Polymerase alpha
Cyclin A2, B2, E1
Tubulin

BRCAL, 2

MCM2, 3,5, 6, 7, 8, 10
Forkhead Box M1
MAD2

Dihydrofolate reductase
MYBL2

Ki-67

PTTG1

Replication Factor C
CENPA,E, R H

TOP2a

STK6/15

RAD51

FANCA

PCNA

MSH2

Ribonucleotide reductase
CHEK1

CDC1, 2,7, 8, 20, 25




Proliferation Gene Set

Probability

Proliferation

DOD months

250

X Censored
——high
low
middle

Chemotherapeutic drug targets =
taxanes, anthracyclines, cytoxan,
cis/carboplatin, capecitabene,
gemcitabene, methotrexate, and more

BUB1

PLK1

Thymidylate Synthetase = 5FU
EZH2

DNA Polymerase alpha

Cyclin A2, B2, E1

Tubulin =taxanes

BRCAL, 2

MCM2, 3,5, 6, 7,8, 10

Forkhead Box M1

MAD2

Dihydrofolate reductase = methotrexate
MYBL2

Ki-67

PTTG1

Replication Factor C

CENPA, E,F H

TOP2a = doxorubicin, etoposide
STK6/15

RAD51

FANCA

PCNA

MSH2

Ribonucleotide reductase = hydroxyurea
CHEK1

CDC1, 2,7,8, 20,25



TCGA Final Production Totals from UNC

9906 tumors mRNA-sequenced and uploaded to the CGHub public repository (https://cghub.ucsc.edu/),
which represents >100 trillion bases

33 tumor types studied including breast, bladder, colon, rectum, head & neck,
renal clear cell & chromophobe, lung squamous & adenocarcinoma, melanoma, ovarian,
glioblastoma, prostate, endometrial, thyroid, and many others
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https://cghub.ucsc.edu/

A Complex Picture of Microarray/Gene Expression
Data Analysis

Katie Hoadley

Consensus
Cluster

Af‘

Unsupervised Learning

Hypothesis Testing

Bonferroni FDR estimations

permutation

Upper
quantile

Chuck
Perou

Andrew Nobel

Hierarchical
Clustering

Bi-clustering Centroids

Correlation
mining

Elastic
Net

Batch Correction



