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1. Population genetics: genotypes

1000 Genomes, phase 3 genotypes

n = 212,961 variant positions (1%, AC = 5)

A=|a,] ] A1

m=2,504 /= sample i's genotype at variant j |
DNA samples

81,029,508 of the @; >0 (15%)

Oma| | Amn
Variant position j: 1 2 3 4
Variant allele: c A G c
Reference Sequence: T/ T T G
i=3 Maternal allele: c A
Paternal allele A G
Genotype: [z 2 1 o |
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The Espalier Concept

Espaliered fruit tree Phylogenetic tree

7 Attributes

time

Objects

“Espalier coordinate”

The correlation structure of a data matrix
places objects and attributes in related positions

along a shared coordinate.

st for
ke

8/6/2015

Big Data: The Object/Attribute Matrix

<Up vy Ay n Attributes

A=|ay, 910

<y ey > a;[>0 Non-negative!

m Objects Example: text mining

a;= Occurrences of word j in text i
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1. Population genetics (genotypes)
2. Gene expression matrix
3. Social network graph

1. Population genetics: genotypes
1000 Genomes, phase 3 genotypes

n = 212,961 variant positions (1%, AC > 5)

A=|a,] ] 91n

m=2,504 ;|F sample i’s genotype at variant j |
DNA samples

81,029,508 of the @; >0 (15%)

| | Ann
2 a,; allele count (AC) a,,
Variant position j: 1 2 3 4
Variant allele: c A G c
Reference Sequence: T/ T T G
i=3 Maternal allele c A
Paternal allele: A G
Genotype: [z 2 1 0 |
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Population Structure
via Principal Component Analysis
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Principal Component 1 (PC1)
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From PCA to Espalier Plots

From PCA to Espalier Plots
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Espaliers Realized: Scaled SVD
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From PCA to Espalier Plots
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Espalier Component 2 (EC2)

PCA

* Normalize A > Z:
2y = (a;-)/0;
mean(z;) =0
variance(z,) = 1

+ Singular Value Decomp.
Z =U diag(A"?) V1
Column k of U: PC,
Column k of V: “loadings”

same

+ ScaleA>W
W = diag(d,,) A diag(1/d,)
Wi = lw all 1<ij<m
wol =|ws all 1<st<n

+ Singular Value Decomp.
W = U diag(A"?) V-t
Column k of U: EC,(Objects)
Column k of V: EC,(Attributes)

+ Project onto tangent space

Uy = Ul /U’y , ug
) )

Vi = ViV
Projection

Simultaneous Scaling




PCA vs Scaled SVD biplots
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PCA, Scaled SVD Comparison
lllumina Bodymap 2.0

e g 1. o5 biplots
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3. Social Network Graph

The Flickrverse (G. Glusman, 2005)

n= 90,403 users

A=|a, 1n

S

50,403 ;i User i contacted user j (0, 1) |
n =90,403 users

609,170 of the a;; > 0 (.0075%)

A1 Amn

¢ Object: Which other users’ photos user i contacted
* Attribute:  Which other users contacted user i's photos

Standard PCA’s normalization fills this matrix; not enough memory.
Scaled SVD is a sparse method, plenty of memory.
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2. Gene expression data
lllumina Bodymap 2.0 (GEO series GSE30611)

n= 16 tissue samples
A=|ay, A1n

2

;| Detections of gene i in tissue j |

m = 29,665 genes
304,756 of the a; >0 (64%)
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* Object: Amount of 1 gene in 16 tissue samples
* Attribute:  Amount of 29,665 genes in 1 tissue sample
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PCA, Scaled SVD Comparison

lllumina Bodymap 2.0
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The Flickrverse (G. Glusman, 2005)

Only 2,367 of the 90,404 nodes shown (2.6%) Ik o
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The Flickrverse, analyzed by Scaled SVD The Flickrverse, analyzed by Scaled SVD
Colors are an Colors are an
EC1 rainbow EC1 rainbow
Each EC Each EC
shows shows
structure structure
in graph in graph
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The Flickrverse, analyzed by Scaled SVD ., The Flickrverse, analyzed by Scaled SVD .
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structure structure
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