Clustering: An Example

6 genes (G1..G6)
2 conditions (hybridizations, x-dim,y-dim)

Calculate distance matrix using Manhattan distance

Build gene tree using average linkage
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= 6 gene Vectors
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G5: (10,12)




Clustering: An Example

= 6 gene Vecotors

G1: (11,4)
G2: (13,7)
G2: (6,10)

G5: (10,12)




Clustering: Compute distance matrix

6 genes X 6 genes

Gl G2 1G5 G4 | GO | G6




Clustering: Compute distance matrix

6 genes X 6 genes
Self & Selfdistances=0 (e.g.G1 & G1)

=> All main diagonal elements =0

G1 G2 G3|G4|G5|G6




Clustering: Compute all other distances

G1 & G2 =|13-11| +|7-4]
=2+3=5

G2G1=G1G6G2=5
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Clustering: Compute all other distances

G1 < G3 =|11-6 | + |10-4|
=5+6=11
G3 & G1=6G1<G3=11




Clustering: Compute all other distances

G1 < G4 = [13-4] + |14-11|
=9+3=12
G4 G1=G1G4=12




Clustering: Compute all other distances

G1 & G5 = [12-4] + |11-11|
=8+0=8

G5 G1=G1G6G5=8
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Clustering: Compute all other distances

G1 < G6 = |11-6] + |14-4
=5 +10
G6 < G1=G1<G6=15

G1|G2|G3
e
0 |5 |11
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Clustering: Compute all other distances

G2 < G3 = |13-6| + |10-7|
=7+3=10

G3e<G2=6G26G3=10
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Clustering: Compute all other distances

G2 & G4 = [14-13| + [13-7]
=1+6=7

G4G2=G2G4=7




Clustering: Compute all other distances

G2 & G5 = [13-11] + [12-7]
=2 +5=7

G G2=G2Go=7

G1iG2|G3
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Clustering: Compute all other distances

G2 < G6 = |13-6] + |14-7|
=7+7=14

Mg | =k

G6 - G2=G2& G6=14
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Clustering: Compute all other distances

G3 < G4 = [14-6| + |13-10]
=8 +3 =11

G4-G3=G3G6G4=11




Clustering: Compute all other distances

G3 < G5 = [11-6] + |12-10]
=5-2 =7

G G3I=G3Go=7
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Clustering: Compute all other distances

G3 < G6 = |6-6| + |14-10]
=0+4=4

G6 > G3=G6>G4=4




Clustering: Compute all other distances

G4 & G5 = [14-11] +[13-12)
=3+1=4

G- G4=G4-Go=4




Clustering: Compute all other distances

G4 © G6 = |[14-6| + |14-13]
=8+1=09

G6 > G4=G4-G6=9
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Clustering: Compute all other distances

G5 < G6 = [11-6] + |14-12]
=5+2=7

G6 > GS5=G5G6=7




Clustering: Start clustering

Each gene a single unconnected node:




Clustering: Start clustering

Each gene a single unconnected node:

Search minimal distance in distance matrix.

Keep in mind:

- Matrix is symmetric (only search e.g. Upper triangular
E

- Main diagonis always 0 - ighore




Clustering: minimal distance

Two matrix elements show minimal distance:

G162 |G3 | G4

c1|o |5 [11[12]

| i . | |
G2|5 |0 |10 |7
3|11 [10 |0 %11'
G412 |7 |11 |0 |

G518 |7 |7 |4

G6|15 |14 |4 |9

Place G3/G6 and G4/G5 into two independent cluster:

pmie il i —




Clustering: Rebuild distance matrix

Compute distances for newly built cluster to rest of matrix
1G1|G2|G3 | G4
G1 0 ‘5 ‘11 12 |

G3/G6 | G4/G5

G2 5 |0 |10 |7

| | : :_ G1
G3|11 |10 |0 [11 | G2
| | I |

G4 I 12 17 11 | 0 | Average : GSIGH
f G4/G5

ngs : linkage
95515 14 |4 |9




Clustering: Average linkage

Mean (Distance G1-G3, G1-G6) into new matrix:
Mean (11,15) =13

G3/G6 | G4/G5

G3/G6

G4/G5




Clustering: Average linkage

Mean (G1-G4, G1-G5) into new matrix:
Mean (12,8) =10

G3/G6 | G4/G5
G1 3
G2 ' |

G3/G6 0

G4/G5




Clustering: Average linkage

Mean (G2-G6, G2-G6) into new matrix:
Mean (10,14) =12

G3/G6 | G4/GS
G1 | 6 14 | 11
G2 e

G3/G6

G4/G5




Clustering: Average linkage

Mean (G2-G4, G2-G5) into new matrix:
Mean (7,7)=7

‘91 G2 | G3 | G4

G110 ‘5 ‘11 12

G3/G6 | G4/G5

13 10

G2i5 .o .10 T | o1

GSiﬂ 10 10 |11 ¢

G4 | 12 '? ' G ' ES;GE_
| | . 5 G4/G5

G5 8 |
G6 15 |14 |4 |9




Clustering: Average linkage

Mean (G3-G4, G3-G5, G6-G4, G6,G5) into new matrix:
Mean (11,7,4,9)~ 8

G3IG6 | G4/GS
G1 =
G2
G3/G6

G4/G5




Clustering: 2. round - minimal distance

One matrix elements show minimal distance:

G3/G6 | G4/G5
13 |10
| 7

Place G1/G2 into independent cluster:




Clustering: Recompute distance matrix

G3/IG6 | G4/GS
13 10
12

G1/G2 | G3/G6
=1/62
G3IG6

G4/G5




Clustering: Recompute distance matrix

Mean (G1-G3, G1-G6, G2-G3, G2-G6) into new matrix:
Mean (11,15,10,14)~13

G1|G2|G3

G1/G2
G1/G2
G3/G6

G4/G5




Clustering: Recompute distance matrix

Mean (G1-G4, G1-G5, G2-G4, G2-G5) into new matrix:
Mean (12,8,7,7)~9

1G1|G2|G3|

G1| ‘5 ‘11

| ~ .
G2 10 G1/G2 | G3/G6

G3 | ‘ G1/G2 | 13

G3/G6

G4/G5




Clustering: Recompute distance matrix

Mean (G3-G4, G3-G5, G6-G4, G6-GS) into new matrix:
Mean (11,7,9,7)~9

1G1/6G2|G3 |

G1 ‘5 ‘11'

G2 10 G1/G2 | G3IG6
b (—\. I||'|:"FL"_} |

G3 GG

G3/G6

94‘

G4/G5




Clustering: 3. round - minimal distance

One matrix element shows minimal distance:

G162 | G3IGE

Join cluster G1/G2 - G4/G5 :

R




Clustering: 4. round - minimal distance

After several rounds of clustering we can justjoin the
remaining two.

st el i gl ok

(If needed we can compute the distance between the two
last clusters)
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Clustering:




