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• Exam:

CENG 465

Introduction to Bioinformatics

Spring '2005-2006

Midterm Exam II

- This is a closed book, closed notes exam. The use of any reference material is
strictly forbidden.

No attempts of cheating will be tolerated. In case such attempts are observed, the
students who took part in the act will be prosecuted. The legal code states that
students who are found guilty of cheating shall be expelled from the university for
a minimum of one semester!

• About the exam questions:

- The points assigned for each question are shown in parenthesis next to the question.

• This exam consists of 6 pages including this page. Check that you have them
all!

• GOOD LUCK!
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[I] (40 pts)

(a)(20 pts) Given the following distance matrix D for the four species SPI, SP2, SPa,

and SP4, construct a phylogenetic tree using the UPGMA method. Show interme­
diate matrices and subtrees in your construction.
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(b)( 10 pts) Based on the tree you constructed in part a fill-in the following path
distance matrix d using the path distances between the four species.

d:

SPI
SP2SP3SP4

SPI

011-11-4-

SP2

1'1-06\2-

SP3

1'2..b0(2.-

SP4

it12-12--0

(c)(lO pts) How close is the tree you generated in part a to the actual (i.e., true)
phylogenetic tree which preserves the original distances between the four species?
In other words, what is the error between matrix D and matrix d using LSQ (least
squares) error measure? (You may use upper or lower triangle of the matrix when
computing the LSQ error.)
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~ (40 pts)

Consider the following gene expression values from 2 microarray experiments for 8 genes.

eXPlexp2
genel

-4-3

gene2

65

gene3

1-7

gene4

-4-6

gene5

46

gene6

-15

gene7

-30

genes

30

Negative expression values in the table mean that the gene is downregulated (i.e., ex­
pressed less) in the experimented cell, and positive values mean that the gene is upreg­
ulated (i.e., overexpressed). A biologist is trying to find out whether these 8 genes can
be separated into two groups based on their behavior in the experimented conditions.
In order to visualize the relationships, she sketched a 2-dimensional plot of the genes
shown below.

Use k-means clustering to cluster these 8 genes into 2 clusters. Use gene7 (light grey
data point on the 2-d plot) as the initial cluster center for clusterl and use genes (dark
grey data point) as the initial cluster center for cluster2. Indicate which data point
belongs to which cluster and also give the coordinates of the centroids at each iteration.
Iterate until convergence, i.e., until no change in clusters. When computing distances
to centroids, you may use the squared distance (no need to take the square-root).
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@] (20 pts)

Short answer questions:

(a)(lO pts) When examining the quality of a structural alignment, is it enough to
inspect RMSD alone? Why/Why not?

\ +-- 'I~ NoT e/\o-J0h ~ IN F-\- ~MSC) ~\ol\L. gecQlIse ~ "(.so

~ +k \u,i~ ot +k- "'\;jr)~+- I-I-;.s poSSlkLe +0 t+ verJ ood

tM~O Vt;l\ves .pI ~J ,sb(.J- C\\Ir'~+S- H-o"'tve., 4~,:s rL:>€..s.

f\D+- I'MflJ (). hljk 1Vo.l\~ (1115~(Y\U.\-- ~fnL) \U\3~.or '\\t,~V\",,~f--

I~ (). c.r1t1c"t ¥~+(o(\ +h,+ sUJ k M5f~ a[0"j w(t~ ~/"tsi),

(b)(lO pts) What is the difference between single-linkage and complete-linkage clus­
tering techniques?
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