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Can we doubt ... that individuals
having any advantage, however
slight, over others, would have the

N atu re Se I ecti O n best chance of surviving and
proceeding their kind? On the
other hand, we may feel sure that
any variation in the least degree
injurious would be rigidly
destroyed variations, | call Nature
Selection.




Phylogenetic systematics

The identification and analysis of
homologies is central to phylogenetic

systematics

 Sees homology as evidence of
common ancestry

* Uses tree diagrams to portray
relationships based upon recency
of common ancestry

 Monophyletic groups (clades) -
contain species which are more
closely related to each other than

...... J

to any outside of the group
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Homology is...

The relationship of any two characters that have descended from a common
ancestor. This term can apply to a morphological structure, a chromosome or
an individual gene or DNA segment.

Homologous structure Homologous chromosome Homologous gene
Characters in different species One part of two genetically Molecular investigations by
which were inherited from a different chromosomes. developmental biologists have
common ancestor and thus Each homologous chromo- revealed striking similarities
share a similar ontogenetic some is inherited from a between the structure of genes
pattern. different parent, and contains (The hereditary determinant of
information about the same a specified characteristic of an
gene sequence. individual; specific sequences

of nucleotides in DNA.)
regulating ontogenetic
phenomena in diverse

organisms.
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Homology is... They said that

Homologue:
the same organ under every variety of
form and function (true or essential
correspondence)

Analogy:
superficial or misleading similarity

Richard Owen 1843

“The natural system is based upon
descent with modification ..

the characters that naturalists
consider as showing true affinity
(i.e. homologies) are those which
have been inherited from a common
parent, and, in so far as all true
classification is genealogical; that
community of descent is the
common bond that naturalists have
been seeking”

o~ et PV
Charles Darwin, Origin of species

1859 p. 413



Cladistic vs. Phenetic

Within the field of taxonomy there are two different methods and philosophies
of building phylogenetic trees: cladistic and phenetic.

Cladistic methods rely on assumptions Phenetic methods construct trees
about ancestral relationships as well as (phenograms) by considering the current
on current data. states of characters without regard to the

evolutionary history that brought the

species to their current phenotypes.

* For character data about the physical traits of Computer algorithms based on the phenetic

organisms (such as morphology of organs etc.) model rely on Distance Methods to build of trees

and for deeper levels of taxonomy, the cladistic from sequence data.

approach is almost certainly superior. * Phenetic methods count each base of sequence
» Cladistic methods are often difficult to implement difference equally, so a single event that creates

with molecular data because all of the a large change in sequence (insertion/deletion or

assumptions are generally not satisfied. recombination) will move two sequences far

apart on the final tree.

* Phenetic approaches generally lead to faster
algorithms and they often have nicer statistical
properties for molecular data.

* The phenetic approach is popular with molecular
evolutionists because it relies heavily on
objective character data (such as sequences) and
it requires relatively few assumptions.



Cladograms and Phylograms

Cladograms

show branching order

and branch lengths are meaningless
A% [E (cladograms)
KRIABRFECAYERLLEEIR
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Phylograms
show branch order

Bacterium 1
Bacterium 2
Bacterium 3
Eukaryote 1
Eukaryote 2
Eukaryote 3
Eukaryote 4

Bacterium 1

Bacterium 2

and branch lengths
2 ih 34 E (phylograms)

Bacterium 3
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Eukaryote 1

Eukaryote 2

Eukaryote 3

Eukaryote 4



3 three basic assumptions in cladistics (;EE/7E5)

1.Any group of organisms is related by descent from a common ancestor.

2.There is a bifurcating pattern of cladogenesis. This assumption is controversial.

3.Change in characteristics occurs in lineages over time.
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clade [#f] is a monophyletic taxon

branch lengths correspond to divergence
node is a bifurcating branch point.

taxon [ 3%8%%] is any named group of organisms
clada

wvitAu o

Clades are groups of organisms or genes that include
the most recent common ancestor of all of its
members and all of the descendants of that most
recent common ancestor.

Clade is derived from the Greek word ‘“‘klados,”
meaning branch or twig.

Cladogram
Example

O Taxon 1
root

branch /B

O =internal node c
(ancestor)

O Taxon 2 Ingroup

O =terminal node
(tip)




Tree Terminology

&
I | = DISTANCE SCALE

0.1 } A |

species A Dlslantc.bul.wcun specics A
and species B = AA + BB

® branch : defines the relationship
between the taxa in terms of
descent and ancestry
BB @ branch length : often represents
: '. the number of changes that have
species C occurred in that branch
Q ® distance scale : scale which
. NODE represents the number of differences
between sequences (e.g. 0.1 means
10 % differences between two
seguences)
@ node : a node represents a
species E taxonomic unit. This can be a
taxon (an existing species) or an
O ancestor (unknown species :
BRANCH represents the ancestor of 2 or
more species).
® root : is the common ancestor of
G all taxa

ROOT (Andy Viersiraete | 9949}

Q

species B BRANCH LENGTH

species [

— sperics F
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Unrooted versus rooted phylogenies

unrooted rooted
R
>
time
only specifies relationships not the root (R) is common ancestor of all
evolutionary path OTUs (operational taxonomic unit)

path from root to OTUs specifies
time knowledge of outgroup

\</ required to define root
—_— Q —
>

Branches can be rotated at a node, without
changing relationships among the taxa.

12



Rooting using an outgroup

unrooted tree archaea
eukaryote
archaea
archaea
eukaryote
eukaryote
eukaryote
bacteria outgrou
rooted by outgroup group
archaea
archaea Monophyletic
group
archaea
eukaryote
/ LT Monophyletic
root eukaryote group
eukaryote

13



Different visual representations of phylogram trees

slanted cladogram
rooted

Time | l | I

rectangular cladogram
rooted —

scaled branches
rooted

scaled branches

rooted

1unit L___ |

unscaled cladogram
unrooted

scaled branches
unrooted

L | 1 unit
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Monophyletic taxon {clade) :

Paraphyletic taxon :

Polyphyletic taxon :

Monophyletic taxon : A group composed of a collection of

organisms, including the most recent common ancestor of
all those organisms and all the descendants of that most
recent common ancestor. A monophyletic taxon is also
called a clade. Examples : Mammalia, Aves (birds),

angiosperms, insects, fungi, etc.

Paraphyletic taxon : A group composed of a collection of

organisms, including the most recent common ancestor of
all those organisms. Unlike a monophyletic group, a
paraphyletic taxon does not include all the descendants of
the most recent common ancestor. Examples :
Traditionally defined Dinosauria, fish, gymnosperms,
invertebrates, protists, etc.

Polyphyletic taxon : A group composed of a collection of
organisms in which the most recent common ancestor of

all the included organisms is not included, usually because
the common ancestor lacks the characteristics of the group.
Polyphyletic taxa are considered "unnatural", and usually
are reclassified once they are discovered to be polyphyletic.
Examples : marine mammals, bipedal mammals, flying
vertebrates, trees, algae, etc.




Clade vs. Grade

Clade: monophyletic group

Grade: non-monophyletic group, put
together out of tradition or
convenience, or to reflect

morphologically distinct traits

Birds: clade

L Reptiles

(paraphyletic
group)

Mammals: clade

‘ Reptiles: grade

Sister Taxa

Sister Taxa: two taxa (= named group of
organisms) that are more closely related
to each other than either is to a 3rd
taxon, and derived from a common

ancestral node.

A
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Default assumptions in phylogenetics

1. The sequence is correct and originates from the specified source.

2. The sequences are homologous (i.e., are all descended in some way from a
shared ancestral sequence).

3. Each position in a sequence alignment is homologous with every other in
that alignment.

4. Each of the multiple sequences included in a common analysis has a
common phylogenetic history with the others (e.g., there are no mixtures of
nuclear and organellar sequences).

5. The sampling of taxa is adequate to resolve the problem of interest.

6. Sequence variation among the samples is representative of the broader
group of interest.

7. The sequence variability in the sample contains phylogenetic signal

adequate to resolve the problem of interest.

17



Additional assumptions in phylogenetics

1. The sequences in the sample evolved according to a single stochastic
process.

2. All positions in the sequence evolved according to the same stochastic
process.

3. Each position in the sequence evolved independently.

18



Homologs

orthologs/orthologous (B[] [EF) : paralogs/paralogous (4 [6)R) :
HEMEEHNERBRR(ZERLEERERE mMEYE A BIEIRER ' 2RI2HE
) 2B EIEERBREREE e EFEPEEREGMEENTEE
Orthologs are homologs produced by HRIEK » GHEiEAEEREEERE -
speciation. Paralogs are homologs produced by
gene duplication.
paralogous
| l o o -
orthologous : orthologous
a b* ¢ C* B A*

Xenologs are homologs

A mixture of resulting from horizontal

orthologues and

paralogues sampled gene transfer between two

organisms.

Duplication to give 2 Synologs are homologs

: copies = paraiogues
. . on the same genome resulting from genes
ended up in one organism

through fusion of lineages

19



PHYLOGENETIC DATA ANALYSIS: THE FOUR STEPS

A straightforward phylogenetic analysis consists of four steps:

Alignment Determining the substitution model
* Building the data model » Substitution rates between bases
» Extraction of a phylogenetic data set * Among-site substitution rate heterogeneity

e Substitution rates between amino acids

Tree building © ©
Distance-Based Methods e
1. Unweighted Pair Group Method with Arithmetic
Mean (UPGMA). Tree evaluation
2. Neighbor Joining (NJ). « Randomized Trees (Skewness Test)
3. Fitch-Margoliash (FM). « Randomized Character Data (Permutation Tests)
4. Minimum Evoiution (ME). » Bootstrap
Character-Based Methods » Likelihood Ratio Tests

1. Maximum Parsimony (MP).
2. Maximum Likelihood (ML).

20



© Alignment

Aligned sequence positions subjected to phylogenetic analysis represent a
priori phylogenetic conclusions because the sites themselves (not the actual
bases) are effectively assumed to be genealogically related, or homologous.
Steps in building the alignment include selection of the alignment procedure(s)
and extraction of a phylogenetic data set from the alignment.

ALIGNMENT ALIGNMENT ALIG--N--M-E--N--T
ALINEMENT ALINEMENT AL1---NE-M-E--N--T
ALCHEMIST ALCHEMIST AL--CH-E-M--1--S-T
ALIMENT ALT--MENT OR ALl --———-M-E--N--T
ALMOST AL---MOST AL---———-M---0-S-T
ALIGHT AL---1GHT ALIG--—--H--==———- T
ORIGINAL SEQUENCE PHYLOGENY

21



Notices of multiple sequence alignment

B The alignment step in phylogenetic analysis is one of the most important

because it produces the data set on which models of evolution are used.

It is not uncommon to edit the alignment, deleting unambiguously aligned
regions and inserting or deleting gaps to more accurately reflect probable
evolutionary processes that led to the divergence between sequences.

It is useful to perform phylogenetic analyses based on a series of slightly
modified alignments to determine how ambiguous regions in the alignment
affect the results and what aspects of the results one may have more or less
confidence in.

22



©® Modeling

In general, substitutions are more frequent between bases that are biochemically more

similar.

In the case of DNA, the four types of transition (A - G, G —> A, C — T, T — C) are usually
more frequent than the eight types of transversion (A —-C,A—>T,C —» G, G — T, and the

reverse). Such biases will affect the estimated divergence between two sequences.

| | }
A A A conservation
C C C — A single substitution
A A > C > T A multiple substitution
C C—G C— A coincidental substitution
T T —> A T — A parallel substitution
A A » C > T A — T convergent substitution
C C C —» T —» C convergent substitution
*  *x
ATGCTGTTAGGG ATGCT-GTTAGGGXX
ATGCTCGTAGGG ATGCTCGT-AGGGXX
MetLeulLeuGly MetLeuValArgxXxx

23



Character-state weight matrices have usually been estimated more or less by
eye, but they can also be derived from a rate matrix. For example, if it is
presumed that each of the two transitions occurs at double the frequency of

each transversion, a weight matrix can simply specify, for example, that the
cost of A-G is 1 and the cost of A-T is 2.

A C G T
Al- 2 1 2
Cleg - 2 1
G|1 2 - 2
T2 1 -

24



Specification of the relative rates of substitution among particular residues
usually takes the form of a square matrix; the number of rows/columns is four
in the case of bases, 20 in the case of amino acids (e.g., in PAM and BLOSUM
matrices), and 61 in the case of codons (excluding stop codons).

The PAM 250 scoring matrix
AR NDICOQUEGH I L K MFP S TW YV

-2 6

<K <K=1U0LVTUVTMEARIM=T MO OOTO=Z20>
|
N
|
w
|
w
|
I
|
o
|
N
|

6
3 5
-1 0-2-3-5-1-2 -3 -2 4 0 6
-4 -4 -4 -6 -4 -5 -5 -5 -2 2 -5 0 9
1 0-1-1-3 0-1-1 0-2-3-1-2-5 6
i1 01 0 0-1 0 1-1-1-3 0-2-3 1 3
1-1 0 0-2-1 0 0-1 0-2 0-1-2 O 1 3
-6 2-4-7-8-5-7-7-3-5-2-3-4 0-6-2-517
-3-4-2-4 0-4-4-5 0-1-1-4-2 7 -5-3-3 010
0-2-2-2-2-2-2-1-2 4 2-2 2-1-1-1 0-6-2 4
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Distance Matrix Methods

Convert sequence data into a set of discrete pairwise distance values, arranged

into a matrix.

Distance methods fit a tree to this matrix.

The phylogenetic topology tree is constructed by using a cluster analysis
method (like UPGMA or NJ methods).

The phylogeny makes an estimation of the distance for each pair as the sum
of branch lengths in the path from one sequence to another through the tree.

26



©® Tree building

Distance - Based Methods

IEEEMS EZRBE-EREFELEER
SIRVEERE  RRWEAEEER , ARIRE
[ % B 2B B 22 3 LA
EREERNEREE , ETRED XHELRE
EMHIR 6 JURAREYREE. RAE
LR BT R HRSRERDN SRR
R EAAFEIT RA AL IELL |, Pt BAGE A & i
FHERKRREMHEESE, ERH—
RYVE Ry & 53 5 0 A R, R
BE®  SAKEFIIMMLLLE , U
ARME—SWIWIEF. KRR LR %MK
REUNFIHEINE—&E 25—/
(cluster) , A& B A& R ek 5+ B 1E R {&
POl &AL — 1@ , SR EBEF /Y F 5
BUAES 2. SERANERSHTNE
75 £ 2 UPGMA 1 NJo

Character - Based Methods

ENBENNES T EERLELHRE
BLTE—ARENNEEENRANS
fh K REEBEFINERTBEE , M2
HURRECHNhEER. REANER
BFENHEM I EE2FE MP M ML,
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Unweighted Pair Group Method with Arithmetic Mean (UPGMA)

UPGMA R —EREIERED
¥Ht, cREREFINH
AEUEFEEESNFEIEE
HY A5 2E A% E L A8 B9 180 A 2
R, CETFTE—EBREHNENL
EBERA L, REEFID
ERER—Es FiEdEir N
ZREBRNFIZE N KRR
EMFEHE UPGMA 2ELE
—EHEEENEREENE
BRHERE

UPGMA is a clustering or phenetic algorithm - it joins tree
branches based on the criterion of greatest similarity
among pairs and averages of joined pairs. It is not strictly
an evolutionary distance method. UPGMA is expected to
generate an accurate topology with true branch lengths
only when the divergence is according to a molecular
clock or approximately equal to raw sequence
dissimilarity. As mentioned

earlier, these conditions are
rarely met in practice.

.




UPMGA Tree

e OTU ( A( B | C | D e OTU | A-C B D

A — 8 7 12 A-C — 8.5 11.5

B — |1 9 |14 B — 14

C — | 11 D —

D — Dist. fr A-C-BtoD =12 + 134 +11=12.33333
Dist.frA-CtoB=8;9=8.5=(Ato B)-;(CtoB) = (Ato D)+(Bt30D)+(CtoD)

Dist. frA-CtoD =12 +11=11.5= (A to D) + (C to D)
2 2

First node unites A & C with branch lengths of 7/2 = 3.5 e

Second node unites the A-C clade with B with branch

length of 8.5/2 = 4.25

Third node unites A-C-B with D with branch length of

12.33/2 = 6.17

Internode distances can be calculated by subtraction

Node 1 to Node 2 = (Node 2 to B) - ("Height" of Node 1)
=4.25-3.5=0.75

"Height" of Node 1 can be taken from EITHER branch

length 1-A or 1-C because branch lengths from any

node to tip are equal by definition

Node 2 to Node 3 = (Node 2 to D) - ("Height of Node 2)
=6.17 -4.25 = 1.91667

e http://www.dina.dk/~sestoft/bsa/Match7Applet.html
29




Neighbor Joining (NJ)

NJ EEHERPRLEEZAS,  The neighbor-joining algorithm is commonly applied with
reBEeFERATEERNEE  distance tree building, regardless of the optimization

#, BITHEE/ACKZBEBYE  criterion. The fully resolved tree is “decomposed” from a
EEREHENHN 28 #{t  fully unresolved “star” tree by successively inserting
BT ‘o BF , M branches between a pair of closest (actually, most
BREETHMEREEIR (&  isolated) neighbors and the remaining terminals in the
BE BRBIMIUN ) WFESE  tree. The closest neighbor pair is then consolidated,

R AR b MARGENEH  effectively reforming a star tree, and the process is

Kin, XMIEWFIHMWERE  repeated. The method is ] :
T, m ‘28 EBEHRET , comparatively rapid. 5 | :
E BB THEE., ?
C = !
H | F H : E

NJ



NJ Tree

8+7+12

otu| A B c D o | A2 || s+ora

. 8 7 | 12 | 274 138

14 31 4 155

- 11 27 13.5

o|lO|(m|>
©

- 37 18.5

OoTU A B C D
A - 8 7 12
B -21.00 - 9 14
C -20.00 | -20.00 11
D -20.00 | -20.00 | -21.00 -

Original A-B value (8) minus the average of the A
and B r-values [(27+31)/2 = 29].

8-29=-21.

A-C = -20. Original A-C value (7) minus average of A
and C r-values

[(27+27)/2 = 27]. 7 -27 =-20.

Note that we have two new columns to the right.

The first column (r) is the sum of the distances from the row
OTU to all other OTUs. Thus 8+7+12 = 27 (A to everything
else); 8+9+14 = 31 (B to everything else); etc. The r/2 is
something we will use later. The denominator (the 2) is the
matrix size (number of OTUs) minus two. | will explain that
later.

B to Node 1: Original B-A distance divided by two (original distance between
the components/2) plus (B's r/2 minus A's r/2) divided by two.

8/2 +(15.5-13.5)/2=5
BtoNode1=5

A to B =8; B to Node 1 =5. Therefore Ato Node1=8-5=3.
AtoNode1=3

Alternative method starting with A to Node 1:

(Original A to B) + (A's r/2 minus B's r/2) divided by two
8/2+(13.5-155)2=4+-1=3

Finally B to Node1=AtoB-AtoNode1=8-3=5

31



NJ Tree

(cont’ 1)

Cc D Node 1 r r/1

Cc - 11 4 15 15

D -6.5 - 9 20 20
Node 1 -10 -7.5 - 13 13

©

C to Node 1. Original C to A (=7) minus A to Node 1 (=3) plus Original C to B (=9)
minus B to Node 1 (=5) all divided by two.

So... C to Node 1 = [(7-3) + (9-5)]/2 = 4.

D to Node 1. Original D to A (=12) minus A to Node 1 (=3) plus Original D to B (=14)
minus B to Node 1 (=5) all divided by two.

So... D to Node 1 = [(12-3) + (14-5)]/2 = 9.

D to C = Original D to C minus the sum of the (reduced matrix) r-values divided by
two.

11-(15+20)/2 = 6.5

Node 1 to C = Original Node 1 to C [N.B., this value comes from the upper-
diagonal]

minus the sum of their (reduced matrix) r-values divided by two.
4 -(15+13)/2=-10

Node 1 to D = Original Node 1 to D minus the sum of their (reduced matrix) r-
values divided by two.

9 -(20+13)/2=-7.5

C to Node 2 = (Original C to Node 1)/2 plus (C's r/1 minus Node 1's r/1)/2.
4/2 + (15-13)/2=3
CtoNode2=3

Node 1 to Node 2 =1

Node 1 to Node 2 = (C to Node 1)/2 plus (Node 1's r/1 - C's r/1)

Node 1 to Node 2 = (Original C to Node 1) minus distance just computed for
C to Node 2.

Alternative starting with Node 1 to Node 2. What do we know about Node 1
to Node 2? We know something that INCLUDES it, which is C to Node 1 (=C
to Node 2, which we don't want, plus Node 2 to Node 1, which we do want).

32



NJ Tree (cont’2)

D Node 2 r
D - 8
Node 2 -
D to Node 2 =

[(D to Node 1 minus Node 1 to Node 2) + (D to C
minus C to Node 2)]/2

[(9-1)+(11-3)]/2=8
DtoNode2=38

© nhitp://www.dina.dk/~sestoft/bsa/Match7Applet.htm

»

NJ

O

UPGMA

[ &
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Character Matrix Methods

1. Parsimony is the most popular method for reconstructing ancestral
relationships.
2. Parsimony allows the use of all known evolutionary information in tree.

3. The phylogenetic topology tree is constructed by using a cluster analysis
method (like MP or ML methods).

4. Approaches involve two components:
« A search through space of trees.

A procedure to find the minimum number of changes needed to
explain the data — used for scoring each tree.

34



Maximum Parsimony (MP)

BRAREHNAFER—BEEZEE | Maximum Parsimony (MP). Maximum parsimony is an
HERRFNWHEBtEHKMEE  optimization criterion that adheres to the principle that
B, MEREEMNFMEEMISEE]  the best explanation of the data is the simplest, which in
BRELHZRD, EEBRERSF , turnisthe one requiring the fewest ad hoc assumptions.
MP LB RBER ; H284t  Inpractical terms, the MP tree is the shortest - the one
EADWENE  BIEESZ , E  with the fewest changes - which, Borrelia lonestari N isclte
BENCBHNFETEILERSD , I by definition, is also the - [‘A‘m“"“"“
ERE2ETERE. MP FFE—  one with the fewest parallel
LCEYESHFMREXNENT  changes. There are

Alabama isolate 2

Borrelia lonestari TX isolate

Borrelia mivamotoi

THETEEN, several variants of MP N
that differ with regard Borrelia anserina
to the permltted Borrelia parkeri

S 100 Borrelia afzelii
UIrECIIOHaIIIy of

100 Borrelia burgdorferi

character state

Borrelia garinii

change.

Borrelia bissettii
= 2.5% Divergence
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Maximum Likelihood (ML)

ML HRFEZHETEEET 7T RE
BE, ML HERARSH &
ELEEY (IRHELCEEAS
ETRR) , EEEREKREM
REEANERREEBEEINER
B ML

Maximum Likelihood (ML). ML turns the phylogenetic
problem inside out. ML searches for the evolutionary
model, including the tree itself, that has the highest
likelihood of producing the observed data.

horse

Indian rhinoceros
harbor seal

fin whale

blue whale
cow

armadillo

gibbon

Homo
mouse

rat
hedgehog
opossum

wallaroo

platypus

—C—E_ chicken
ostrich

: b 1
alligator
Xenopus
carp
loach
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142 nematode Bootstrap distance tree Bootstrap maximum likelihood tree Bootstrap maximum parsimony tree
SSU sequences

— Prioguius coudats p— Priapulus coudatus = Freopuius coudal
— Poroconinonchus coscus ARM7808 — Poroconihonchus copcus AFI4TEEE Puuaunlruom_m caecus ARMTEEE
ncrolainius sp. AFOT148 — Cyindrokaimus 5, AF22147 [ Cyindroiginmus sp. AF202145
— Brovibuca 5o, AFZ163 p— Buricanema sp. UG 562 a
— Myclaimus sp. UBIL — Brevitvuen io. AFXIZ1
— inermifcemis AFG3017 | yoiirras 1. UB156:
|— Ehobditoices inemmis AFBZF74 — Ehabdioides |nerm|[onlmm ¥
— Cheriorhobais dudich AFE3012 ‘Coenomabaiis sonoraa AFOB3004
bt Coanomabadilis crosophics AFDBI0I5 -
Cuonoﬂ-«:cludn:r rosophila 50, A Coenomabicits sonore AFEI026
% renang: U1 wnidantifiac namal LT34h bihs chosephdon ARMEI02E
e itis briggsne U13529 < bl remane 13930
- chvhuwl_wwumw Cosnarmhabditis slegans X fifidd nemalooe
L oencehabditi is U13731 Coencrhabl 13929 Goenorhabeil remane 13930
urichentiid oo 173 Caenorhab v [E] Caenorhabditis Eh‘iu
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MEEICGEEYOIIREIGOSEFCRIVITIROVETGLL ELE] & log file is being generated. ERSLEEHLNEVNRRME LETVIMLVDOMITAVEFFHSKNY THRDIKEDNE VMG
MEET ITORRLEGEGEFCEVIIEAVIHITSORVALELER] It wil be located in C:\BioEdit Temp, Iy MAMELLGRSLEDLVE SVERF S0RTI LML AGOMT SCVEF VHEHNFIHRD IR
MALDLEIGHEYRIGRRIGSESFEDIVLETHVYSGEEVATR] The log file for this session will be called BioEdit_custalw_120408_223925.log. [LLEFSLEDL CHREFSLETVLLLADOLIZRIEFIHSESF LHRDIKPDIHEF LM

10 total sequences

The temporary input file For this run will be called ~faska_120408_223925.tmp,

The temporary output File will be called ~align_120408_223925. tmp.

Run parameters will be in a file called clusParm_120408_223925.kxt,

All of these files will be located in C:\BioEdit! Temp

Maote: These files will not be deleted automatically.

Yaou may want ko clean them out of vour swap directory periodically,

MOTE THE FOLLOWING IF THIS IS & TRANSLATED NUCLECTIDE ALIGWMENT!:
Any stops () will be replaced by ' For clustal,
They will revert to stops (*') upon re-koggling the translation.

€2 iTunes




_' “ BioEdit Sequence Alignment Editor - [Untitled] !

}?Eile Edit Sequence Alignment  Yiew Accessory Application RMA  wWorld wide Web  Options  Window  Help N

HSequences (5:7?> Aligned. Score:

Sequences (5:8> Aligned. Score:
Sequences (5:9) Flllg.necl. Score: at'1
s (5:18> Aligned. Score: 63

g ¢6:7> Aligned. Score: I qfast_PI

s (6:8> Aligned. Score:- 45 AR RN AR AN AR R AR RN R AR RN AN RN AR NP
g ¢6:?> Aligned. Score: 48 70 a0 S0 100 110 120 130

s (6:18> Aligned. Score: 62 EIEWNCARCDY NVMVMELLEEZLEDL CERRFELETVLLLADOMI ZRTEYIHAKNFIHRDVEPDNE LML
s (7:8> Aligned. Score: 38 VETIEMM VE=E VTMUYTELLFPELEDLFEFCCRRLEALETTLMLAD CMT ZRTEFVHEEEVLHRDIERD
s (7:9> Aligned. Score: 36 STEWCGAESDYNVMYMELLGE SLEDLFNFCERKF STRTVLLLADOMT SRTEYTHSKNF THRDVEEDHF LMGT
s (7:18> Aligned. Score: 4@ E iy = IEEDFTITMYLDLLGPELEDLEFTLCNREF S LETVRMT AD CMLNRTIEY VHEENFIHRDTIRED LI=R

) . i DLLGEELEDLF SFCERELSLETTLMLAECMIARIEF VHI K VIHRDMEPDNF L
s (8:2) Aligned. Score: 34 -] DLLEE SLEDLF 8FCDRELSLKTTLMLAEOMIARIEFVHE KRS VIHRDMEED
g (8:18> Aligned. Score: 43 ERCCREFELETVIMLADCMIEC VY THTREEFIHRDIKEPENFTI ST SENSNVT
s (2:18> Aligned. Score: 37 ESLEEHLNEVNREMSLETVLMLVDOMI TAVE SKNYIHRDIKPDNFUMEY
Guide tree file created: [C:BioEdit“\Temp~"FASTA™2Z .dnd] MY MAMELLRILEDLVASVERFIOETILMLACOMIT 3CVEFVHE IHRDIE
Start of Multiple Alignment t_dclu?talw_l20408_223925.!09. LLEESLEDL CHREF SLETVLLLADOLI SRIEFIHSKSFLHRDIKEDHF LM
. ) I ed ~fasta_120406_223925.tmp,
There are 2 groups 120408723975 tp. i
filigning. .. 120408223925 ket
1: Sequences Score:6443 mp
2: Sequences Score:6424 ally.
3: Sequences Score: 7076 directory periodically.
47 Sequences Scope (5874 TED NUCLEGTIDE ALIGMMENT!:

kal,
5: Sequences Score:61B7 g the translation.
b: Seguences Score:5698
7: Sequences Score:h294

dithappsidus...



¥
%‘Eile Edit Sequence Alignment  Wiew Accessory Application  BM&  World wWide Wweb  Opkions  Window  Help -
= b
E |E0urierNew jl” ﬂ B 10 tatal sequences
Made: [Select 7 Side Selection: 0 Sequence Mask: None Start
Seet 7 Slee Pogitior: Numbering Mask: None ruler atl!
— — ] THEE XA < 4.} EaT GAT TTaE Seroll | 1

g I DL D = ﬁ%ﬁﬁill:l:!‘l TEY|[CATCAT ":: @I\'H H ¢ speed slow o fast

ISR ARSI R AR SRR AN R RN RSN R RN RN RSN RN E A AN R AR R AR AR AR AN R R RN RN RN R AR RN RN AR RNRAPN

-1 10 20 30 40 50 &l 70 g0 90 100 110 1z0 130
SEQ01 ——MELRVGHNEYRLGREIGEGEFEDIYL ITABCEEVATIRLECVETEHE OLHIESEFYEMMOSG-—-—-—————— VizIE B IEWC CARGDY NVMVMELL SESLEDL CEREFALETVLLLADOMISRIEY THEKNFIH
SEQOZ MVELRYSHRYRIGORIGECEFGETIFRGTNIOTSDEVATELECOVETRHEPOLTYEZRFYRILGEGGEA-——————— VEIPMMFYHVYECEFNVMVIELLGPSLEDLE SFCCRRLELETTLMLADOMT 2RTEFVHEKSVLH
aRo03 -—-MELRVGNEYRLGREIGEEEFEDIYL TABGEEVATRELECVETEHE OLHIESRFYEMMOGE—-—-———=—-—— VIR BTEWC CARCGDY NVMVMELLSESLEDL CERRFELETVLLLADOMI SRTIEY THEKNFIH
SEQ04 ——MEIRVANEYALGERLGSEAF DIV VARDIVIMEEF AVELESTRIEHECLLYESRLYRIL GGG —-—-—————— IEVERVYWY G IEDFTIMVLDL LGP LEDLE TLONREF S LETVYRMT ADCMLNRTEY VHEEKNEFTH
SRO0S ——MNLMIANRYCTAOQKET SFCEIFRGTHNMOTETVATELEQARTRHEOLAFEARFYRIL V=== VEIEFNIL VECEFNVMVMDLLGESLEDLE SFCRELSLETTLMLAECOMIARTEFVHIKIWVIH
BEQ0A MELELRVEHNRFRLEGOET BFGEIFRGTHIOTCETVATIRLECQAETRHECLALEARFYRIL W= ViIFNIL VECEFNVMVMDLLGEZLEDLF SFCDRELELETTLMLAECOMIARTIEFVHEKSWVIH
sEpQnDy? 00000 |mmmmmmmm— MEVZERT a3 I TANKEELALEIESEETERSOIFHNEYRALECLASY - ——-——————— VEIPEVYFETC Q2 TMELL=DELERELFERCGCREFELETVIMLADOMIECVOY THTREFTH
aRo0s ——MEEITCGEEYOITERIGOEEFCRIYITROVETSLL ELENEDAPTPOLLFESRLY QTMA3GE———————=—-—— THVERLHAHEFDERYNTIVIDLLGESLEEHLNEYVNRPMELETVLMLYDOMITAVEFFHEENYTH
SEQ02 - —MRET —YITORRLEGIEEFGEVIIBEAVIHITCORVALRELEPRNE ZVECLFFEARLY 3MEF QA SKEET AVEECHNIPVYY ATOTETTHNYMAMELLGRELED LY S S VER-FEORTILMLAGOMT SCVYEFVHEHNETH
SEROl10 MALDLRLGHNEYRIGRREIGOCEF DIy LTV ICEEVAIELE S TRARHEFOLEYEYRVYRILEGG———-——————— VEIPFVRWEVECD MVMDLLEESLEDL CHREFSLETVLLLADOLISRIEFTHIKSFLH
<1 | | KN -1

—
QG ox(oH) B = 78% (-

€ iTunes




Phylip 4.0

BioEdit Sequence Alignment Editor - [Untitled1] |£"
= O
E |E0urierNew ﬂh_l ﬂ B 10 total sequences
Mode: |Select / Slide ~ gEh?th“Dni_'lj Sequence Mask: None
QEIEn: —|
Sawve Alignment ... !
— — | THHE TTHE = £..F
g1 DIT Gen - I EE NGRS -
[T s e e e fFR D | AE | e 5 ef E- RR TR R AR R R RN AR R TR R ERRESERERRREPE
= 10 20 30 B g 100 110 120 120
SEQOL --MELRVCHEYRLGREIGECEFEDIVE 14 | — ELLCESLEDL CERKFELETVLLLADCMISRIEYVIHSRNFIH
SEQD2 MNVELRVGNRYRIGQRIGEGSF GEIFRGTNT et ELLCESLEDLFSFCCRRLELKTTLMLADCMT SRIEF VHSKSVLH
SEQO3 --MELRVGHEYRLERKIGECEFEDIYL Ij Recent L iERE LA ELLGESLEDL CERRFELETVLLLADCMISRIEYIHSRNFIH
SECD4 --MEIRVANKYALGRRLGSGSFEDIVVARDTY BH_HTZ9_ 70080927 DLLGESLEDLFTLONRRF SLRTVEMTADCMLRIEY VHSRNFIH
SECDS - —MNILMIANRYCISORT SFEEIFRETHM [ rose DLLGESLEDLF 8FCGRELSLETTIMLARCMIARIEF VHIKSVIH
SEC0 6 MELELRVGHRFRLEGORT SFEEIFRETNT =E DLLGPELEDLFEFCDRELSLETTIMLARCMIARIEF VHERIVIH
sgc07? 0 m————————- MEVEERT g I T - ELLCDSLERLFERCSREF SLETVIMLADCMTIRCVOYIHTREFIH
SECOS --MEEICGCEEYOIIRRIGOCSFERIYITROVE il D LLCKSLEEHLNEVNREMELETVIML VD CMITAVEFFHERIY TH
SEQD S -—MERT -YITORRLGSE8FEEVIIEAY SH | ELL=KILEDLVESVER-F30RTIIMLASCMI SCVEF VHEHNFITH
SEQL0 MALDLREIGHEYRIGREIGSCIFEDIYLETIIVY HepeT it DLLZESLEDL CHREFSLETVLLLADOLIZRIEFIHSKSFLHE
FHEIE
e
ARG _FROSHE
&4 I |phylip -] FHFE
TFELERT): |GenBank Files (* gb, * bk, * gen, * gok) ﬂ HTiH
(renBank Files (* gb, * gbk, * gen, * gnk)
Phylip 4 (¥.phori
WEEFTIR (*ihby, *pir)
Fazta (* fag, ¥ fat, * fza)
Text Files (* tet)
BinEdit 7 Project (*bio)
BinEdit 5 Project (*bio)
ANl Files (*.%)
: 0 .

e \ _ . — o
S8 o 8 85 » @E-{t‘;ﬁa‘la €2 Tunes inEdi nce Align... EFoy N W TF 1m41




% uttraEdit-32 - [C:\Documents and Settings'hippo\33 El\phylip.phy]

A wwEre BEE B20 BEE BRY B0 BRO BEM ERN @Ew HEH - | = X
O & ef & [ & W | F B = = = = -| # Be BBES & %N
phylip.phy |

— 2y 10 551 1 2]

iE: EE® | |sEo0 -—MELEVGNE YRLGREIGSG SFGDIYLGAN IASGEEVAIK LECVKTEHPD I
LHIESEFYEM MQGG—————= ———m VGIFPSI EWCGAEGDYN VMVMELLGES

(S =] LEDLFNFCSE KFSLETVLLL ADQMISRIEY IHSKNFIHRD VKPDNFLMGL

SO EERE GEEGHLVYTII DFGLAKKYRD ARTHOHIPYR EMENLTGTAR TASIMTHLGI

EQ3RRDDLES LGYVLMYFNL GSLPWOGLEA ATERQEYERI SEEEMITPIE
VLCEGYP3EF 3TYLNFCR3ZIL RFDDEFPDY3Y LEQLFRENLFH ROGF3I¥DYVF
DWNMLE-—-- —-————————— —————————— ————— F>LALR NPEDVDEERR
EHEREERMGO LRGZIATEALP PGPPTGATAN RLEZALAEPVA ITPASRIQFPA
GHTSPRAIZE VDREREV3INE LHRGAPANWVI Z3DLTGRQEV SRIPAIQTIV —

B C\Documerts and Settings

PFDHLGE= == === = mmm e oo o
SEQOZ MNVELRVGHE YRIGQKIGSG SFGEIFRGTN IQTGDEVATK LEQVKTRHPQ
LTYESRFYRI LGSGGGA--— ———- VGIPMM FYHGVEGEFN VMVIELLGPS

LEDLFSFCGR RLSLETTLML ADQMISRIEF VHSKSVLHRD IKPDNFLMGT
GREGHHVYIT DFGLAKKYRD PRTHAHIPYE EGESLTGTAR YOS INTHMGY
EQGRRDDMEG IGYILMYFLR GSLPWOGLEL HTEQEKYNRI SEREQTTPVE
LLCKGFPSEF AAYMHNYVRAL RFEDKPDYSY LKRMFRDLFV REGYHVDVVF
DWTLER==== =—===———mmm —mmmmmmmoe —ooo IHESL QEQQSFEGGS
NGGGAAGNGS Po——————mm ——mmmmm—mm o

SEQO3 ——HMELEWGIHE TRLGREIGIG IFGDIYLGAN IASGEEVAIE LECVETEHFQ
LHIESKFYEM MOGG——-——= —-——- VEIPSI EWCGAEGDYN VMVMELLGES
LEDLFNFC3R EFSLETWVLLL ADQMISERIEY IHSENFIHRD VEPDNFLMGL
GEEGNLVYII DFGLAKEYRD ARTHOQHIPYR ENFNLTGTAR FTASINTHLGI
EQ3FERDDLES LGYWLMYFNL GSLPWOGLEA ATERQEYERI IEEEM3TFPIE
VLCEGTPSEF STYLNFCRE3IL RFDDEPDY3Y LROLFEWNLFH ROGFIYDYVF
DWNMLE-———— —————————— —————————— ————— FZALAR NPEDVDRERR
EHEREERNGQ LRGZATRALFP PGFPTGLTAN RLEIAAEPVA ZTPASRIQPL
GNTZPRAISR VDREREWSHNE LHRGAPANVS 3SDLTGEQEV IRIPALSQTIV

PFDHLGEL—— —— e e e e o e
SEQO4 --MEIRVAINE TALGKELG3G 3FGDIYVLED IVTMEEFAVE LESTRSEHPD
LLYESELYEI LGGG—————— ———- IGVPEV ¥WYGIEGDFT IMVLDLLGPS
A
N — 2| o
ANEEHEEEE ST L F 1,41, co LS B 2008/12/4 10:41:56 7T F B3Ry 7401 fili. A

WILEHTE 8 Tines I AT ; ol @ Uterakdit- AN T 08 00 EDIEE




Phylip 3.2

BioEdit Sequence Alignment Editor - [ ocuments and Settings\hippo' L f\phylip.phy]

= 0O
E |E0urierNew jl” ﬂ B 10 tatal sequences
Mode: |Select / Slide ge“’ftcftimg Seguence Mask: None
QEInon:
Save Alignment ... !
— | THHE TTRE = L)
1 DITD §en - I EE PR S
it ey RO [ am =l £ E- RE LSRR R R R RN R TS SRR ERREYRRERRRRIN
=l 10 z0 30 S 100 110 120 130
SEQ0L --MELRVGHNEYRLGREIGEGEFCDIVE I — ELLGESLEDL CERKFSLETVLLLADCMISRIEYVIHSKNFIH
SEQ0Z MNVELRVEGNREYRIGORIGESSFEEIFRGTHT __u:?zﬁ*ﬁﬂ%# ELLCESLEDLF SFCCRRLELKTTIMLADOMT SRIEFVHSKEVLH
g0’ --MELRVEHEYRLEGRRIGEGEFEDIY I Recent LU il Dy ELLGPSLEDL CERRFELETVLLLADCMISRIEYIHSRNFIH
SEQD 4 - -MEIRVANEYALGRRLGEGIFEDIVVARDTY BH_HTZ0 20080927 DLLGESLEDLF TLONRKF SLETVRMTADOMLERIEY VHSKNFIH
SEQDS - —MNLMIANRYCISOKT SFEIFRETHM [ rose DLLGESLEDLF SFCGRELSLETTIMLAECMIARIEFVHIKSVIH
SEQ06 MELELRVENEFRLEGORT HFEEIFRCTHI AT S phylp.oh DLLGEPSLEDLF 8FCDRELELETTIMLABCMTIARIEFVHEKAVIH
gEQD7 @ m————————- MEVCERI GEEEYENT T == & PIVIIRL Py F1LLCDELEELFERCCREF 2L ETVIMLADOMTEC VOV THTESFTH
SEQOE --MEEICGEEVOIIRRIGOCSFSRIVITIROVE il DILLCRELEEHLNKVNREMELETVIML VD OMITAVEFFHERKNY TH
SEQD S - -MRET - YITORRLESGEFCEVIIEAVSH | ELLGRSLEDLVESVER-F30KTIIMLAGOMT SCVEF VHEHNF I H
aEQ10 MALDLRIGHNEYRIGREIGSESFGDIYLGTHVY HeAer i DLLEESLEDL CHREFSLETVLLLADOLISRIEFIHSKSFLH
FHHTE N
[ W
HERE_ERDFTHE
&4 I |phylip phy | EHFE®
TFEIHEND:  |Phylip 4 (¥phy) =] Eui#
GenBank Files (¥ gb, * gbk, * gen, * onk)
Phylip 3.2 (* phan
WERFPIE (* nbx, * pir)
Fazta (¥ fag, * fat, * fza)
Text Files (* tef)
BinEdit 7 Project (*.bin)
BEinEdit 5 Project (*bio)
A1 Filez (*.%)
A
" g T EE) EEES T e——u () ]

€ Tures # BinEd e I : & Ulkr sEdit: < 'E.* E




% uttraEdit-32 - [C:\Documents and Settings'hippo\33 El\phylip.phy]
A wwEre BEE B20 BEE BRY B0 BRO BEM ERN @Ew HEH = = X

O & e g & W il | E ic! -l #h Ra BES & %K

phylip.phy |

L | 10 531 =

i BER SEQO1 ——MELEVGNE YTRLGREIG3G IFGDIYLGAN IAIGEEVAIE LECVETEHPQ ™
’H%ﬁﬁ ﬂ SEQDz MMVELEVGIE TRIGQEIGIG SFGEIFRGTN IQTGDPVAIE LEQVETEHFPQ
3EQO3 ——MELEVGNE TRLGREIG3G 3FGDIYLGAN ITAZGEEVAIE LECVETEHPQ
OO EERE 3EQ04 ——MEIEVANE TALGEELG3G 3IFGDIYVAED IVTHEEFAVE LESTRIEHFQ
B C:\Documents and Settings SEQOS ——MNLMILNE TCIZQKIGAG SFGEIFRGTN MOTGETWAIE LEQAKTEHFQ
3EQOG M3ILELEVGNE FRLGOQEIGAG SFGEIFRGTN IQTGETVAIE LEQAKTEHPQ
JEQOY e ————— MEVGERIGES 3IVGNIFYAYM TAWNEKELALE IE3SEETER3IQ
SEQOS ——MEEICGGE TOQIIEKIGOS SFGEIYIIKD VETGLLFAAE LENZIDAFIFQ
3EQOS ——MREIVGN- VTITQERLG3G 3IFGEVNELVI HITGQEVALE LEPRMIZVPQ —
SEQLO HMALDLERIGNE TRIGREIGIG SFGDIYLGTN WWIGEEVAIK LESTRALEHFPQ
LHIESEFYEM MQGG---—-——- —-——- VGIP3I EWCGAEGDYN VWMVMELLGES
LTYESRFYRI LG3GGGA-—-—- —-——- VEIPMM FYHGVEGEFN VMVIELLGES
LHIESEFYEM MQGG———-—- ———- VGIP3EI EWCGAEGDYN VWMVMELLGPS
LLYESELYEI LGGG-—--—-——- —-——- IGWVPEYN TWYGIEGDFT IMVLDLLGRS
LAFEARFYRI LMNAGGGV--- -——- WVGIPNI LFYGVEGEFN VMVMDLLGPS
LALEARFYRI LMAGGGV--—- —-——- VGIPNI LFYGVEGEFN WMVHMDLLGPS
IFNEYRALKC LAGY-—--——— —-——- VGIPEV TFETCYGNOQN AFTHELLGDS
LLFESRLYTQI M3GE-——-——--—- -———- TWVPEL HAHSFDSRYN TIVIDLLGES
LFFEAELT3IN FOASE3ITHNNG VEPCNNIPWY TATGOQTETTN YMAMELLGESI
LEYEYEVYRI L3GG———-—- ———- VGIPFV EWFGVECDYN AMVMDLLGPS

LEDLFNFC3R EFSLETVLLL ADQMISEIEY IHSENFIHRD VEPDNFLMGL
LEDLF3FCGR EL3ILETTLHML ADQMIZRIEF WHIK3IVLHRD IKPDMNFLMGT
LEDLFNFC3R EFSLETWVLLL ADQMISERIEY IHSENFIHRD VEPDNFLMGL
LEDLFTLCHNE EF3LETVENT ADQMLNEIEY WHIKNFIHRD IKPDNFLIGR
LEDLF3FCGR EL3ILETTLHML AEQMIARIEF WHIK3IVWIHRD MEPDMNFLMGT
LEDLF3FCDR ELSLETTLML AEQMIARIEF VHSESVIHRD MEPDNFLMGT
LEELFERCGE EF3LETVLHL ADQMIECVQY IHTE3IFIHRD IKPENFTIGT
LEEHLNEVINE EM3ILETVLHML VDQMITLVEF FH3IFNYIHRD IKPDNFWVMGY
LEDLV3SVFR -F3QETILNL AGQMNISCVEF VHEHNFIHRD IKPDNFAMGYV
LEDLFNFCHNE EF3LETVLLL ADQLIZRIEF IHIK3FLHED IKPDNFLMGI

GEEGNLVYII DFGLAKKEYRD ARTHCHIPYR ENFNLTGTAR ¥YASINTHLGI
GEEGHHEVYII DFGLAEEYRD PRTHAHIPYE EGEILTGTAR YCSINTHMGY

4 10 i | LH
1A,

ISR HEE * SHIEFL ¥, 41, co D0S (BB 2006/12/4 10:42:56 T °F [fE 3] 7521
R Lo Tines P : @ Ui ; <8 B




Sequence data in
fasta file DNADIST NEIGHBOR CONSENSE
Ogtions OE“OIIS treefi Options -
. -l ----- . B;ZP | . Neighbor-join. reefile : -_L“outgroup outfile
l i - Jin and Nei - UPGMA rooting
_Ee__ - _qq_ : - max. likelihood - randomize
Input file in - Jukes-Cantor input order
PHYLIP format
SEQBOOT PROTDIST outfile treefile
outfile Options
! !El'.iOIJS - PAM matrix Fo======== ”
- bootstrap - Kimura view tree with i Treetool
- jackknife - categories model strandard text fmmmmmmm - :
- permute editors . o
. ]
| IreeView
PHYLIP input file PROTDIST output NEIGHBOR/CONSENSE outfile
5 60 5
human TKYHSDDYST GGSVASAVNW AG.. h 0.00000 O. ) SRR mOleE
mouse TKYHSDEYST GGSVAGAVNW AG.. O 8 99995 9.00000 0.13047 051005 1 05809 +-93.0
frog  TKYHSDDYSA GGSVASSVNW SG.. frog 0.10084 ©.13747 0.00000 0.34655 1.19283 ! ! +---~frog
east CQFHTDEYSG GGSMEGAVNY AG.. east ©.24911 0.21005 ©.34655 0.00000 ©.97720 +-94.0 +-72.0
act. ELVHEPDYVG GTILTAACNT AG.. act. 1.01684 1.05803 1.19283 0.97720 0.00000 ! ! +----human
human ©.80000 0.00000 0.08632 ©.41532 1. ! bemmmmmm————maa
SEQBOOT output BN O 000 500000 o 086ss §.41335 I.13123 . yegst
5 60 ; ' : : ' ' S REEEEEEE SR bacterium
human TTTKKYDDDY YYTGGGSASA VV..
mouse TTTKKYDEEY YYTGGGSAGA VV..
L e s
€as . :
act. EEELLVPDDY YYGGGTITAA CC.. NEIGHBOR treefile eV N oL UL
5 60 gfrog:G.QQZSZ,((yeast:0.2@912 bacterium:1.29 ' :
human TKKYSSSDYS GGSAAVNWWW AA.. 94):0.16052,mouse : -0.00846) :0.02131, human: - ' bacterium
mouse TKKYSSSEYS GGGAAVNWWW AA.. 0.02075), ' <
frog  TKKYSSSDYS GGSSSVNWWW SS.. X yeast !
east CQQFTTTEYS GGGAAVNYYY AA.. Emcuse:-0.0@225,&09:@.0913@ (human: -8.00225, ' ’
ac'f:5 ELIéeEEEDYV GGAAACNTTT AA.. gsg%s@.16225,bacter'1um:@.63517):@.11338):@ 1 93 mouse X
. H I [
human TYYYHHSDDD DYYSTTASAA VV.. X 93] —frog :
mouse TYYYHHSDDD EYYSTTAGAA VV.. 5(fr‘o :0,14362,human: -0.01934):0.03099, (yeast: i .
. . . 9,122 ?5bacter'wm:0.80?“2):0.1@822,mouse:- . 2—human :
0 .00667); ' )




Tree build pipeline

Sequence data in
fasta file DNADIST NEIGHBOR CONSENSE
_Lo tions v——-E-—-——O [iOIlS J OE“UHS Ou““lc
l - K2P outfile - Neighbor-join. ——-}ME* ~outgroup ]
F e adean : - Jin and Nei - UPGMA rooting
: read.:s.e_q_ : - max. likelihood - randomize
T Input file in - Jukes-Cantor input order
l PHYLIP format
SEQBOOT PROTDIST lommc ltrecmc
Op St OPﬁﬁ?inatrix _________
- bg:tg;ap - Kimura view tree with | Treeto_o_l_ :
- jackknife - categories model strandard text Tor
.J rmute editors ..
= ! TreeVnew .

- o o o= o=

=]

PROTDIST.EXE

treefile
j_ﬁ . 3" j L)
S — | 50
MR
i R
infile SEQBOOT.EXE DNADIST.EXE NEIGHBOR.EXE infile CONSENSE.EXE
A A A L
- ) &8- ) E =
outfile infile outfile infile outfile

outfile



Tree Generation Flowchart

Distance-Based Methods
Unweighted Pair Group Method with ArithmeticMean (UPGMA).

1.

2,
3.
4

Neighbor Joining (NJ).
Fitch-Margoliash (FM).
Minimum Evolution (ME).

PROTDIST.EXE

¥

infile SEQBOOT.EXE

=

infile

v

DNADIST EXE

'T

treefile
outtree T
2! L)
S — | a0
MEEEE]
ettt
NEIGHBOR.EXE intree CONSENSE.EXE

infile outfile outfile

Character-Based Methods
1. Maximum Parsimony (MP).
2. Maximum Likelihood (ML).

PROTPARS.EXE :

DNAPARS.EXE

ir;
i

outfile intree

54



Sequence alignment and trimming

Clustalw

Get Programs h U A ¥ F 2 2

clique.exe consense.... contmlexe contrastexe dnacomp.... dnadistexe dnainvar....

... b fd
s ot 2 3 3 3B 3 o4 oA

« Protein sequences dnaml.exe dnamlk.exe dnamove.... dnapars.exe dnapennw.... dollopexe dolmove....

* Restriction sites
 Distance matrices 0 1
: = > (=0 ] ]
 Gene frequencies
- q dolpenny.... drawegra,.. drawiree,... factor.exe  fitch.exe fontl font2
 Quantitative characters
 Discrete characters

» tree plotting, consensus trees, tree distances O (=0

and tree manlpulatlon font3 fontd fontd fonth gendist.exe  kitsch.exe IiX.exe

... by type of algorithm

* Heuristic tree search =0
 Branch-and-bound tree search move.exe nmghbr.... pars.exe  penny.exe promexe proml.e:-:e protdi.e:-:e
e Interactive tree manipulation

 Plotting trees, consenus trees, tree distances

 Converting data, making distances or % % \(M E‘ Eg

bOOtStrap repllcates protpars.exe restdist.exe restmlexe  retreeexe  seqboot.exe treedistexe

=0 1=0

http://levolution.genetics.washington.edu/phylip/prog rams.ﬁﬁl



1. Bootstraping MEREEFFINEE (SER ) PEEEN—¥  FTH
— X FHIPEMEEER —EFNFY, B , —EFIRMATUER THZF
5, —EZFIBEERANERFZELFIE. BEEEEEL (&AE

Step 1.1

e WtEE, BATRME, RERY LSS ) SESFHEHTNE
Mo3 ATGTATTTCG TACATTACTG CCAGCCACCA TGAATATTGC ACGGTACCAT 1 R /. A Hi E.I-Eb /. Y 7N Y /- g lL EE/ u % | '\H- n L
Hos ATGTATTTCG TACATTACTG CCAGECACCA TGAATATTGT ACGGTACCAT
Hod ATGTATTTICGE TACATTACTGE CCAGCCACCA TGAATATTGT ACGGTACCA ~ ~ o = N N /,— - . .
Mo7? ATGTATTTCG TACATTACTG CCAGCCACCA TGAATATTGT ACAGTACC th -_— 1@ IE{ ﬁ H%- i th Eg =¢ % E{ ﬁ E F & EE % ;&; EIJ ( -
Ho8 ATGTATTTCG TACATTACTG CCAGCCACCA TGAATATTGT ACAGTACCAT k’ EUG UK H l{' - {Ttl‘/’ X s E’ N majorlty
MHo% ATGTATCTCGE TACATTACTG CCAGCCACCA TGAATATTGT ACGGTACLAT

Wots  ATGTATCTCC TACATIACTE CCAGCCACCA TCAATATTEY ACGCTACCAT PROTDISTLE rule ) R EEHE —EREENELE,

2. Jackknife BIZ 55\ —EREHGEEF S 5. ©EE Bootstrap SZH [E B =2
THERTH—¥F5MHE  REX—BRET —FNHF5,

3. Permute 2§ — B B4E AV T =AY IEF FEHAL .

infile SEQBOOT. DNADISTE.
—
outfile infile outfile intree outfile outfile
l
Dz \WAMCHEHGASOF TWARENPHYL IPAPHYLIPWINSSEQBOOT.EXE: can’ sad jp

Please entér a new filename>D:z“\1.phy _
Republicate FjiZ A Bootstrap ;&4 B —EZ 58 -
Eandom number seed (must be odd)? |

«[2J+[H — | 8 s

- - Hold MATGTATTTE TATTAACCCC CAAACCCCAA TAATTTGEGE CAACTETTTT
Bootstyapped sequences algorithm, version 3.573c Hos AATGTATITE TATTAACCCE CARACCCCAR TAATTTGEGT TAACTCTITT
Hat AATGTATITG TATTAACCCE CAARCCECAA TAATTTGEGT TARGTETTTT
Ha? AATGTATITG TATTARCCCE CAAACCCCAR TAATTTGEGT TARCTETTTT
Setti f thi Hat AATGTATTTG TATTAACCCE CARRCCCCAR TAATTIGEGT TAAGTCTTTT
. i - 9 AATETATTTG TATTAACCCE CAACCCCAR TAATTTGEGT TAAGTETTTT
e 1ngs or 1S run. pe Hot2 AATGTATTTE TATTANCCEC CARACCCCAR TAATTTEGCT TAACTCTTTT
D Seuuence' Hﬂrph’ Hf‘-it-, Gene Frleqs? Molecalar SEqUENCEs Ho13 AATETATITE TATTARCCCE CAARECCCAR TAATTTGEGT TAACTCTTTY

8 50
J Bootstrap, Jackknife or Permute? Bootstrap M3 TIGTTTAARA CATTARACTT TGACGGGATA TGGGCARCEE GEGACCARAT
? by - Hos TIGTTTAAAA CATTARACTT TGACGGGATA TGGGTAACCC CGGACCAART
R How man vy rep licates? 100 Mot TIGTTTAARA CATTARACTT TGACGGEATA TGGGTAACCC GEGACCAART
a Ho/ TTGITTAAAA CATTAAACTT TGACGGGATA TGEGTAACCE GGGACCAAAT
I Input sequences interleaved? Yes Ho® TIGTTTAARA CATTARACTT TGACGGEATA TGGGTARCCE GLGACCAAAT
0 Terminal type CIBM PC, UTS2, ANSI)? AMNSI o1z T1GTTTAARA CATTARACTT TGACGUGATA TGGUTRACE GLGACCARAT
1 P r. i“t nu l t hf d'a ta at 5 t ar t nf r.u “ HD HHSB 5 TTGCTTARAA CATTAAACTT TGACGGGATA TGEGTARCCC GGGACCAAAT
- - - - ’ Hold ATGGETTTITT CCGARATTAC C TARATARTTT LA
2 Print indications of progress of run Yes Ho' ATGEETTTTT CGRARATTAE € TAARTARTTT "
Hob ATEGETTTTT CEGARATTAC CT TAARTARTTT T
Ha7 ATGEGTTITT CEGCARATTAC CTCCCARGCA TAAATARTTT GEGTACCCTT
Ha8 ATGEGTTTTT CGGARATIAC CTCCCAAGEA TARATAATTT GEGTACCETT

fire these settings correct? (type ¥ or the letter for one to change)



Step 1.2

infile

b

SEQBOOT.EXE

=

infile

treefile
PROTDIST.EXE

: D:\WUAHCHERGASOF TWARENPHRLYIPNPHYLIPWINADHAPARS . ERE:

O BREFRAERE—ERFFES outgroup,

M 28 AR EREM republicate BB .

can’t read infile

BPlease enter a/few filenamerD:‘wancheng\software\Phylip\phylipwiniwan

PR+ [ 2.+ [H
DHA parsimaony algpefithm, wversion 3.573c
Setting for tlis run:
DNADIST.EXE Search for best tree?
Randomize input order of sequences?
Qutgroup root?
Use Threshold parsimony?
finalyze multiple data sets?
—_— Input sequences interleaved?

Terminal type CIBM PC, UT52, ANWSI)?
Print out the data at start of run
Print indications of progress of rum
Print out tree

Print out steps 1in each site

Print sequences at all nodes of tree
Write out trees onto tree file?

outfile

O B oD e B et T ] D e

BN ire these settings correct? (type Y or the

Yes

Ho. Use input eorder

Ho, use as outgroup species
Ho, use ordinary parsimony
Ho

Yes

ANSI

Ho

Yes

Yes

Ho

Ho

Yes

letter for one to change)

PROTPARS.EXE ~— SR ———

outtree

DNAPARS.EXE BE
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Step 1.3

infile

D:\WANCHENGASOF TWAREAPHYL IPNPHYL IPWINACONSENSE . ERE:

can't read infile

Please enter a new filename>D:“wancheng\software\Phylip\phylipwiniwani

+[2J«[H
Majority-rule and strict consensus tree program, version 3.573c

Settings for this rum:
0 OQutgroup root?
Trees to be treated as Rooted?
Terminal type CIBM PG, UT52, ANSIDD?
Print out the sets of species
Print indications of progress of run
Print out tree
Urite out trees onto tree file?

Ho, use as outgroup species
Ho

ANSI

Yes

Yes

Yes

Yes

fire these settings correct? (type ¥ or the letter for one to change)

Outfile infile intree

PROTPARS.EXE ~—»

outtree

DNAPARS.EXE

outfile

B

outtree

intree

sgpnaes

CORSEMSUS TREE:

the nenbers

at the Forks indicate the nesber

of times the growp consisting of the species
which are Té The right af That fark accerred
apong the trees, sut of 190,06 trees

+
*
¥

io0.1
¥
'
¥

S

remenber :

M1
—T0.8
k.1 - He?
L} L
I Mol

L 58

this is an wnrosted treet



CONSENSUS TREE:

- [ SEQO1
the numbers forks indicate the number

of_times the group_consisting of the species —SEQOS
which are to the right of that fork occurred
among the trees, out of 98.00 trees _SEQO7
+-96.0-J|r ______ PE SEQLO
+- - Fommm —
: 82.0 : SEQO6 SEQ04
;—97-5—: Fomm e SEQO02 __SEQOZ
-;—98.0—: b SEQO04 — SEQ05
;—98-0-: o SEQ10 — SEQO6
J|r—98 o-: b SEQO7 — SEQ09
+-98_0-I -!- ----------------------------- 98_0-J|r ______ SRS 10 ~ SEQO8
| I tommm e SEQO8
: 1 ------------------------------------------------ SEQO3
1 ------------------------------------------------------- SEQO1
rooted
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Ho3
Ho5
Hoé
Ho7
Ho8
Ho9
Ho12
Ho13

Step 2.1

50
ATGTATTTCG TACATTACTG CCAGCCACCA TGAATATTGE ACGGTACCAT
ATGTATTTCG TACATTACTG CCAGCCACCA TGAATATTGT ACGGTACCAT
ATGTATTTCG TACATTACTG CCAGCCACCA TGAATATTGT ACGGTACCA
ATGTATTTCG TACATTACTG CCAGCCACCA TGAATATTGT ACAGTACC
ATGTATTTCE TACATTACTG CCAGCCACCA TGAATATTGT ACAGTACCAT
ATGTATCTCGE TACATTACTG CCAGCCACCA TGAATATTGT ACGGTACLAT
ATGTATTTCE TACATTACTG CCAGCCACCA TGAATATTGT ACGGTALCAT

ATGTATCTCG TACATTACTG CCAGCCACCA TGAATATTGT ACGGTACCAT PROTDIST

infile SEQBOOQT. DNADIST.

}

outfile infile outfile

|
D:\UANCHEHGASOF TWARENPHYL IPNPHYL IPWINASEQBOOT.EXE: can’ ead Jp

Please entér a new filename>D:z“\1.phy

Random number seed (must be odd)?

:[2.]4-[“

Bootstyapped sequences algorithm, version

Settings for this run:
D Sequence, Morph, Rest., lene Freqs?
Bootstrap, Jackknife, or Permute?
How many replicates?
Input sequences interleaved?

Print out the data at start of run
Print indications of progress of run

J
R
|
0 Terminal type C(IBM PC, UTS52, AHSI)?
1
2

fire these settings correct? (type ¥ or the letter for one to change)

E
2.
3.
E
—

Bootstraping B2t ZEFINEE (SER ) PEEER—¥ , M TH—
¥FHIRERAEEER — BN FES. EK, — BRI TR THZFI,
—EZFIEERMANBRAZESFIE. BREEEEE (HABON
B, RATREME, BRIEMEESMUAEEE ) BEZFIIEE AT AR —
B . BERNFTFSHMBETLER , RBZSEMR B ( majority-rule )
BARERI—Ex EEWELE,

Jackknife Bl 2 5\ —ERE#ERF S H E. ©E Bootstrap AR [E B2
THETH—¥F5EE , RER—BEET —¥0HF5.

Permute 2§ —E&/E P M T EM EFFE#AL,

| | }

intree outfile outfile

Republicate i Z A Bootstrap ;Z4 BRI —EZ F 54 o

L 50

— AATGTATTTE TATTAACCCE CAAACCCCAR TAATTTGEGE CAACTCTTTY

3.573c Hos ARTGTATTTG TATTAACCEC CARACCEEAR TAATTTGEGT TARCTCTITT

Mot AATETATITE TATTAACCCC CAARCCCCAR TAATTTGEGT TAACTCTTTY

Mo AATGTATITE TATTARCCCC CAARCCCCAR TAATTTGEGT TAACTCTTTT

HoB AATETATTTE TATTAACCCC CAARCCCCAR TAATTTGEGT TAACTCTTTY

| Mo AATGTATTTE TATTAACCCC CAARECCCAR TAATTTGEGT TAACTCTTTT

e Mo 12 AATGTATTTE TATTARCCCC CAARCCCCAR TAATTTGEGT TAACTCTTTY

Hﬂ ]ecu lar' SeEqUences Ha13 AATETATTTE TATTAACCCE CAAACCCCAR TAATTTGEGT TAACTCTTTY
8 50

HD 01' 5 tr ap Hod TIGTTTAAAA CATTAAACTT TGACGGGATA TGEGCAACCC GGGACCAAAT

HoS TIGTTTAAAA CATTAARCTT TGACGGGATA TGGGTAACCC GGGACCAART

1'] I] Hot TIGTTTARAR CATTAAACTT TGACGGGATA TGGEGTAACCC GGEGACCAART

Ho? TIGTTTAAAA CATTRAAACTT TGACGGGATA TEGGTAACCE GGLACCAART

"l'le 5 Ho# TIGTTTAAAA CATTAAACTT TGACGGGATA TEGGTAACCE GGGACCAART

Ho% TIGECTTARAA CATTAAACTT TGACGGGATA TEGGTAACCE GGGACCAART

HHSI Ho12 TIGTTTARAA CATTRAACTT TGACGGGATA TEEGTARCCC GEGACCARAT

H Ho13 TTGCTTARAA CATTAARCTT TGACGGCATA TGGRGTAACCC GEGACCAAAT
8 50

0 Ho3 ATGGETTTITT CLGGARATTAC C TARATAATTT 1}

"HF l; Ho% ATGGETTTTT CLGEARATTALC C TARATARTTT 1T

Hod ATEGETTTTT CEGLARATTAL CT TARATARTTT T

Ha7 ATGEGTTITT CECARATTARC CTCCCARGCA TARARTARTTT GEGTACCCTT

Ho® ATGECTTTTT CECARATTAC CTCCCAAGCA TAAATAATTT GECTACCETT
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D B miEERHE N v LUEREE » 2512
Kimura 2-parameter ~ Jin/Nei »
Step 2 2 Maximume-likelihood #1 Jukes-Cantor o

Input sequénces 1interleaved? VYes
Terminal type (¥BM PC, UTS52, ANSI)? AHNSI
Print out the/data at start of run Ho

Print indicatZons of progress of run Yes

fAire these settirgs correct? (type ¥ or letter for one to change)
cees t
Transition/ Y fansversion ratio?
-tr

n ]
[2J«[H ) ) ) )
MHucleic/acid sequence Distance Matrix program, version 3.573c

PROTDIST.EXE :
: SettPhgs for this run:
f D Distance (Kimura, Jin/Hei, ML, J-C)? EKimura ?-parameter
: T Transition/transversion ratio? 15.0000
. C {ne category of substitution rates? Yes
< L Form of distance matrix? Square
] Analyze multiple data sets? VYes, 100 sets
1 Input sequences interleaved? Yes
0 NerminaN type CIBM PC, UTS52, AHSI)? ANSI
1 Rrint out\ the data at start of rum HNo
infile SEQBOOT.EXE DNAD'ST EXE 2 Primt indicadyons of progress of run VYes
these skttings cobrvect? (type ¥ or letter for one to change)
—_—
T — k@A —18 15-30 2 EHEF
infile outfile infile outfile
g .
Mol ILO4LE D.0436 0.0 IL.4IE
| fa 00000 0.0000 0.0 0. DDOD
Mol 00000 0.0000 0,0 0, DOOD
Mo? 0L Omn 0,000 o, non
| [ 0,000 o, nn
Mod I 00000 0, oo M ﬁEA 100 »
| EH L Q.00 0. 0. DEOD
Nolid o 0, 0020 4,200 0. DD I
B
Nl L0204 0,020 0. 0204 D.HILE
ot L0000 0, 0000 3, D000 0. 0204
His L 000 0, 0o Ll ETH intree
Mo? L OO0 0, 0080 . 00 004
Mos L [T ] L [0 {304
| B L 0, 0204 W04 DL DDOD
Noll o 0. ap2a 0. 000 D D204
| i 0. 0204 0. 0204 0. DIOD
B
| [T 0, N0 0, o nnD nomo 0,000 0,0204 mop N2
| [ 0,000 0,0 man nn 0,000 0,020 Ly 02
| [ 0, S Len L o 0, 00S 0, 94 + L [Py 1T
Ho? i, a0 D000 W oDdd 00000 0. LD DL O304
| 0.0000 G D00 [LOoDdO 0.0020 0. 0, DA0D 0. D04
Mes 0.0204 O.D0204 DLO20f 0.020¢ 0.00 0. 0204 DO
Nol2 0,000 .00 DLOMOD D.0DD0 O, I__-. 0. DJOD Do D24
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Step 2.3

j outtree
: outtree
PROTDIST.EXE : T

}

j_.ﬁi] E . — -
HHEH
M EH ]
35 B

infile SEQBOOT.EXE DNADBTEXE NEIGHBOR.EXE intree CONSENSE.EXE

!

outfile infile outfile infile outfile outfile

+«[2J«[H
Heighbor-Joining/UPGMA method version 3.5

Settings for this run:
N Meighbor-joining or UPGMA tree? MHeighbor-joining
Outgroup root? Ho, use as outgroup species 1
Lower-triangular data matrix? N
Upper-triangular data matrix?

NJ or UPGMA

Subrepllcates”
Randomize input order of species?
Analyze multiple data sets?
Terminal type CIBM PC, UT52, AHSID?
Print out the data at start of rum
Print indications of progress of rumn
Print out tree

Write out trees onto tree file? VYes

0
L
R
S
J
M
0
1
2
3
f

fire these settings correct? (type Y or the letter for one to change)

M £2 A 100 o DNAPARS.EXE




Step 2.4

b

infile SEQBOOT.EXE

PROTDIST.EXE

=

P
DNADIST.EXE NEIGHBOR.EXE

b
T

®
M
HEX
HExE

]

Bt

infile outfile infile

D:\WANCHENGASOF TWAREAPHYL IP\PHYL IPWIN\CONSENSE . ERE:

can't read infile

Please enter a new filename>D:“wancheng\software\Phylip\phylipwiniwani

+[2J«[H

Majority-rule and strict consensus tree program, version 3.57/3¢c

Settings for this run:
0 Outgroup root?
Trees to be treated as Rooted?
Terminal type CIBM PC, UT52, ANSDD?
Print out the sets of species
indications of progress of run
Print out tree
Urite out trees onto tree f1le?

Print

fire these settings correct? (type ¥ or the

Ho, use as outgroup species
Ho

ANSI

Yes

Yes

Yes

Yes

letter for one to change)

intree

—>

B

1

treefile

T

.

=11

CONSENSE.EXE

sgpnaes

CORSEMSUS TREE:

the neabers at the Forks indicate the nesber
of times the growp consisting of the species
which are Té The right af That fark accerred
apong the trees, sut of 190,06 trees

+
*
¥

io0.1
¥
'
¥

S

remenber :

M1
—T0.8
k.1 - He?
L} L
—————————— Mol

—»THESE
DISTANCE

L]
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CONSENSUS TREE:

the numbers on the branches indicate the number

of times the partition of the species into the two sets
which are separated by that branch occurred

among the trees, out of 100.00 trees

Fomm - SEQO02
+100.0-]
| | T - SEQO5
| +-60.0-]
+-60.0-] tmm SEQO06
I |
| | it SEQO09
| | +-41.0-]
+-54.0-| +-81.0-] P SEQO7
I I I
| | Fomm - SEQO8
+100.0-] |
| | e SEQO04
— | |
| | Fo SEQ10
I I
| Fo SEQO1
I
o SEQO03

[ SEQO3

SEQO1

 SEQ10

SEQ04

[ SEQO02

SEQO05

- — SEQ06

| SEQO8

| [ SEQ09

10 SEQO7

unrooted
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SEQ10 [ SEQO3 SEQO1
SEQO1 [ SEQO1 [ SEQO3
SEQO3 [ SEQ10 [ SEQO07
SEQ02 [ SEQO4 SEQ10
| SEQO05 [ SEQO02 [ SEQO4
SEQO06 | [ SEQO5 [ SEQO02
SEQO04 L — SEQO06 | — SEQO05
SEQO08 [ SEQO8 — SEQO06
SEQO7 || SEQO09 SEQO09
SEQO09 - 10 — SEOO07 - 10 ~ SEO08
o1
VECTNTI Prediction Distance Matrix Methods (NJ) Character Matrix Methods (ML)
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TOOLS

|
: BioEdit http://www.mbio.ncsu.edu/BioEdit/BioEdit.html
&
qﬂy PHYLIP http://evolution.genetics.washington.edu/phylip/getme.html
TreeView X http://darwin.zoology.gla.ac.uk/~rpage/treeviewx/
@ HyperTree http://kinase.com/tools/HyperTree.html
& |
Ef Java http://www.java.com/zh_TW/
ClC CSanmiiancoe
o e chucu [ A &) =)

http://www.clcbio.com/index.php?id=1113

Geneious http://www.geneious.com/default,83,home.sm






