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**in each tree you draw , write all branch lengths and any other data available
9-  You are studying 6 newly discovered echinoderm species, first, you've got the distance matrix (table 2) based on
the available IHYABB3 gene promoter sequence.
Tab. 2.
distance A Cc
matrix
B

C
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A. Draw the estimated phylogenetic tree based on matrix above in the box below, and
indicate each branch length. (you can use the UPGMA method instead, but if you do

so, you'll get maximum 10 points ) (50 points)

B. Now that you have the tree, you need to make sure it's a good one , so you use the
Fitch-Margoliash method. As you already know it's an optimality-based method in
which you compare the primary distance matrix with the distance matrix derived from
tree you made , use the formula and tree you made to obtain the E value. (10 points)

E= Z Z dl] pl'} {Fq 11.5)

i=l =j+1

where E is the error of the estimated tree fitting the original data, T'is the number of
taxa, dj is the pairwise distance between ith and jth taxa in the original dataset, and
py is the corresponding tree branch length.

E:
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10-You are studying 6 newly discovered echinoderm species. here are 10 SNPs of these

species provided in table below.
SNP NO. 1

C G C T G

First make the distance matrix and fill it in the box below. (10 points, A-T & C-G
changes make 3 distance, A-C & G-T changes make 5 distance and other changes
make 1 distance.)

A
B
c
D
E
F

A.

distance
matrix

B

C
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B. Now use WPGMA method to make a phylogenetic tree, draw the tree In the box
below. (10 points)

C. You want to be know how reliable your tree branches are, so you choose to use
bootstrap resampling method, but you are not a computer, so we will make it easier.
In bootstap resampling method you choose 10 random SNPs from the first data matrix
and draw a free with them, so first we will do this part. Below you can see 4 data
tables which are randomly chosen from the primary table, use them and make

phylogenetic trees with WPGMA method. (each tree has 15 points)

SNP NO.
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D. Now draw the exact same tree you drew in part B. then write the booftstrapping values
next to each branch. In terms of your phylogenetic tree, the bootstrapping values
indicates how many times out of 100 (in our case , we had only 4 re-sampled dataq, so

your value can be 0,25,50,75 or 100) the same branch was observed when repeating
the phylogenetic reconstruction on a re-sampled set of your data. (20 points)
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Appendix 1

Distance matrix

Step 1
$ calculations
Se= (sum all DYIN-2),

where N is the # of
OTUs in the set.

Step 2

Calculate pair with
smallest (M), where
M[j: D;f—S;—S,.

Step 3

Create a node (U) that
joins pair with lowest
My such that
Su= D#fz + (85— 5]]/2.

Step 4

Join i and j according to §

above and make a
other taxa in form of

a star. Branches in black

are of unknown length.
Branches in red are of
known length.

Step 5

Calculate new distance
matrix of all other taxa
to U with
Doy= Dy + Dy = Dy,
where i and j are those
selected from above.

1

Sa= (54447464814 = 7.5

Sg = (54+7+104+9+114 = 105
Sc=A+7+7+648)/4 = 8

Sp = {7+1047+549)/4 =95
S¢ = (6+946+5+8)4 = 8.5

S = (8+1148+948)/4 = 11

Smallest are
Mup=5-75-105=-13
Mpp=5-95-85=-13

Choose one of these (AB here).

U, joins A and B:
Saiy = Dan/2 +(Sy-Sp2 = 1
Spy = Dapf2 + (S - S2 = 4

Suy = (34645473 =7
5= (3+7+6=8)3 =8
5 =16+7+549)/3=9
5 = (5+6+54+8Y3 =8
5 = (74849483 = 10.6

S, = (3434742 =65
Sc=0(B+4+812 = 7.5

Sy = (3444612 = 6.5
S = {7+8+6)2 =105

Smallest is
1 =3-65-725=-11

Smallest is

Moy, =3-7-8=-12
Mpg=5-9-8=-12
Choose one of these (DE here).

U; joins D and E: U; joins C and Uy:
Soup = Doe2 + (5o =592 =3 Scuy = Doyyl2 + (5 - Sy V2 =2

Sy, = {246V1 =8
Sy = (24601 =8
5= (6+601 =12

Because N-2 =0,
we cannot do this
calculation,

Smallest is
Myr=6-8-12=-14
Myr=6-8-12=-14

My, =2-8-8=-14
Choose one of these (M, ,; here).

Uy joins U; and Uj: For last pair, connect
Suzus = Dupuy2 + (8- S3¥2 =1 U, and F with branch

Sewr = Dof2 + (S - S2 =2 Suyus = Dev2 + 51— 5002 =1 Supue = Dusoyf2 + (Spa— Sab2 = 1. length =5.

Note this is the same
tree we started with
{drawn in unrooted
form here).

From http:/aww.icp.ucl.ac.be/~opperd/private’/upgma.html.
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