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Cladogram Representation of Phylogenies
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Dendrogram Representation of Phylogenies

GrowTree Phylogram
February 1, 2010
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Cladogram
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Phenogram
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Curve-O-Gram
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Eurogram
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RadialGram
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Methods for Determining Phylogenies

® Parsimony (character based)

O Assigns mutations to branches

s O Minimize number of edits

o Topology maximizes similarity
& & of neighboring leaves
* Distance methods

o Branch lengths = D(i,j)/2 for
sequences 1, |

O Distances must be at least metric

O Distances can reflect time or
edits

o Distance must be relatively
constant per unit branch length
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Methods for Determining Phylogenies

B
® Parsimony
i o0 Minimum mutation (Fitch, PAUP)
= © Minimal length encoding
® Probabilistic
& i o Branch and Bound

o Maximum likelihood

® Distance methods
Ultrametric Trees
Additive Trees
UPGMA

, . ABCDEF GHIJ L MNOTP Q
Neighbor Joining

O O O O
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Properties of Trees
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Orthologous Evolution

glant moose
pansia ocoas I | duck

oshawk
panda 5 vulture

alligator
axolotl

@ @ Doug Brutlag 2010
|



http://creativecommons.org/licenses/by/3.0/

Paralogous Evolution
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Challenges Making Trees:
Gene Duplication versus Speciation

(a) Gene | (Species A)

i Gene 3 (Species B)
Gene 2 (Species A)

¢ Gene 4 (Species B)
= (b) Gene | (Species A)
Gene 2 (Species A)

Gene 3 (Species B)

(Gene 4 (Species B)
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Orthology and Paralogy

@ Orthologs:
— Yeast Derived by
o— speciation
HA1 Human M Paralogs:
Gene
Duplications
HAZ2 Human
—~ WA Worm

— HB Human

Thanks to Seraphim Batzoglou
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Gene Conversion

AATCGCGATAGC

ATCAATTCCCTC

Thanks to Maryellen Ruvolo


http://creativecommons.org/licenses/by/3.0/

Gene Conversion

AATCGCGATAGC

.

ATC

CGCGAT

CTC

ATCAATTCCCTC

Thanks to Maryellen Ruvolo
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Challenges Making Trees:
Gene Conversion

@ Orthologs:
Derived by
speciation

B Paralogs:
Gene
Duplications

AN AN
A B CD A BCD
v Gene N Gene M

Thanks to Maryellen Ruvolo
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Challenges Making Trees:
C,; Has Been Converted from C,

@® Orthologs:

Derived by
speciation
B Paralogs:
Gene
Duplications

AN AN

An Bn Cuv Cn DN Av Bm  Dwm
v Gene N Gene M

Thanks to Maryellen Ruvolo
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Consensus
CG/LH Tree

HumanCG6
HumanCGS
HumanCG4

HumanCG3

HumanC G2

OrangCG4
OrangCG2

OrangCG3

Humanl.H
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PresbyCG3
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ColobCG2
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RhesuslLH
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Gene conversion between
1t & 2nd exons of LH, CG2 Genes

Gene
Conversion No Conversion
Gene _-I - -_

5

Thanks to Maryellen Ruvolo
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Challenges Making Trees:
Varying Rates of Mutation

(a) ' (b)

e nucleoiide
subsibaton

Fia. 5. Examples of the expected gene tree (a) and the corresponding realized gene trees
(b). Filled circles on the expected gene tree denote nucleotide substitutions, Because no
substitution occurred at branch X of the expected gene tree (a), the corresponding branch
does not exist in the realized pene tree (b
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Challenges Making Trees:
Horizontal Gene Transfer

Bacteria

Archaea Eukaryotes

P

=
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Common ancestral cammmunity
of primitive cells
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Maximum Ultrametric Distance Trees

Matrix D Tree T

A |B |C D |E S
Al0 |8 |8 |5 |3
B| [0 (3|8 |8 Ny .
C 0 |8 |8
D 0 |5 A E D B C
E 0

®*Matrix D is ultrametric for tree T if:
o If D is a symmetric n by n matrix of distances
o T contains n leaves, one from each row or column
o Each node of T labeled by one entry from D
O Numbers from root to leaves strictly decrease

o For any two leaves i, j, D(i,j) labels nearest common
ancestor of i and j in tree (c0) @ Doug Brutiag 2010
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Maximum Ultrametric Distance Trees

A symmetric matrix D is ultrametric if and only if
for every three leaves i, j, and k, there is a tie
for the maximum distance between D(i,j),

D(i, k) and D(j k).
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Additive Distance Trees

Matrix D
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Distance Metrics Obey the

Triangle Inequality
=)
* D(ij) < D(i,k) +D(k) for all i, j, k
- ® (Max Score - Smith-Waterman Score) is a Metric if
= o If Gap-penalty > 1+ Gap-size/(n-1)
0 Assuming match = 1 and mismatch = -1
o "

] D(j,K) k
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Three Leaf Tree

L1,A

A L3,A

1.2,A

Observe D12 D13 D23
Calculate L1,A I2A [3A
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Three Leaf Tree

L1,A

L2,A

L3,A

Observe D12 D13 D23
Calculate L1,A [2,A [3A

D1,2=L1,A+L2,A

D1,3=L1,A+L3,A
D2,3=1L2,A+L3,A
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Solution to Three Species Tree

L1A

A L3,A

1.2,A

1
2 L1,4 =2(D1,2 +D1,3- D2,3)

L2,4 =;(D1,2 +D2,3- D1,3)

L3,4 =;(D1,3 +D2,3- D1,2)
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Four Species Tree

I 3|

L1A L3,A
A AB B

L4 A

Observe D12 D13 D14 4|
D23 D24 D34

Calculate L1,A I2A [.3B L4B LLAB

(@O,
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Four Species Topology

L3,A

L4,A

Label species 1, 2, 3, and 4 so that:
D(1,2) + D(3,4) < D(1,3) + D(2,4) = D(1,4) + D(2,3)
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Solution for Four Species

1 3

Ll,A A LA,B B/_,B,A
L2, NL,A

2 4

L1,A= 1/4*(D1,3+D1,4-D23-D2,4) +1/2*D1,2
[2,A=1/4*(D2,3+D24-D1,3-D1,4)+1/2"D1,2

LB,3 = 1/4*(D1,3+D2,3-D1,4-D2,4) +1/2*D3,4

LB4 = 1/4*(D1,4+D24-D1,3-D2,3) +1/2*D34
LAB=1/4*(D1,3+D1,4+D23+D24)-1/2*(D1,2 + D3,4)
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Four Species =>Three Topologies
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Species, Distances, Branches & Topologies

Number of | Number of | Number of | Number of
Species | Distances | Branches | Topologies
2 1 1 1
3 3 3 1
4 6 5 3
5 10 7 15
6 15 9 105

Doug Brutlag 2010
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Species, Distances, Branches & Topologies

Number of Number of Number of Number of
Species Distances Branches Topologies
n Dn Ln Tn
n+1 Dn+n [Ln+2 Ln*Tn
n n n! n—2
[ 2 ]:2!(;@—2)! (211— 3) H(Z”_l)
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Number of Topologies for n Species

n Tn

3 1

4

5 15

6 105

7 945

8 10,395
9 1.35x10°
10 2.03x10°
15 2.13x10™
20 8.20x10*
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UPGMA: Unweighted Pair Group
Method with Arithmetic Average

OoTU | 1 2

[ 2 | D1,2
‘ 3 | DI,3 | D23
4 | D14 | D24

D1,2

D1,(34)

D2,(34)

v

Where
D1,(34) = (D1,3+D1,4)/2

and
D2,(34) = (D2,3+D2,4)/2
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UPGMA Dendrogram

(@O

Doug Brutlag 2010


http://creativecommons.org/licenses/by/3.0/

UPGMA (Clustering
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Neighbor Joining Method

1 n-1
5 n-2
3 n-3
4 n-4
5 -5

For starlike tree S, =Q/(n- 1) where Q =ZDZ., i

i<j

n
n-1
i n-2
LN Y
i
3
2
1
For nearest neighbor tree S; =(By + B;y) + By, + Z B,y
ki, j
D; =By + By Dy =By + By + B,y (k #1,7)
Dy, =By +B D, =B+ By + By (k.1 #1,))
e (I’l = 1) &
AN e L
B, =
2(n-2)

i e I<f =

Dl
S. =44
A 2n-2)
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Nearest Neighbor Dendrogram
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New Hampshire Standard Tree

If we have this rooted tree:

then the tree file is represented by the following
sequence of printable characters, starting at the
beginning of the file:

(B,(A,C,E),D);

(B:6.0,(A:5.0,C:3.0,E:4.0):5.0,D:11.0);

@ ® | Doug Brutlag 2010
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SeqWeb v,
SeqWeb GrowIree Program

http:/ / seqweb.stanford.edu:81/ gcg-bin/ analysis.cgi?program=evolution-prot

(- i
| SeqWeb v, , Haccelrys
Programs GrowTree 2
il Construct Phylogenetic Trees from Peptide Sequences.
ML Sepnces Select From: | Default '3 ( Project ) ( Local File ) ( Clipboard ) ( Database )
Similarity myg phyca myg_phyca P 153
Ref glb5 petma.pep ID GLB5_PETMA STANDARD; PRT; 149 AA. P 149 1 o 149
ki hba human hba_human P 141 1.141
Evaliition hba horse.pep ID HBA_HORSE STANDARD; PRT; 141 AA. P 141 15141
hbb horse.pep 1D HBB_HORSE STANDARD; PRT; 146 AA. P 146 1..146
Mapping lgbl soybn.pep - ID LGB1_SOYBN STANDARD; PRT; 143 AA. P 143 1..143
hbb _human hbb_human P 146 1..146
Pattern - { Clear |
Recognition R :
Primer Selection
Input Parameters:
Protein Analysis
uncorrected distance @]
I;.Iuclei; Acid Distance Correction Method Jukes-Cantor distance 0
econdary : .
Shenieng Kimura distance ®
: , Neighbor joining ®
Translation Tree Construction Method
ree Construction Metho UPGMA 0

L@ @ Doug Brutlag 2010
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‘Squeb Vg

=
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Grow'Iree Parameters

Input Parameters:

uncorrected distance
Distance Correction Method Jukes-Cantor distance

Kimura distance

Tree Construction Method Neighbor joining

O@ @00

UPGMA

Select a sequence comparision matrix. This matrix determines how matches and mismatches are scored. The default
penalites for gap creation and extension are given after each matrix name.

Scoring Matrix | blosumé2 1§
Set gap creation penalty B
Set gap extension penalty i

Limit the maximum input sequence range only when needed. Setting a higher limit allows you to align longer
sequences while setting a lower limit allows you to add more and longer gaps to each sequence.

5 ’ 5000
Maximum input sequence range

{range 1 thru 70C
Limit the maximum number of gaps only when needed. Setting a higher limit allows you to add more and longer gaj
to each sequence while setting a lower limit allows you to align a greater number of sequences.

; i fe 2000
Maximum number of gap characters ('."' and '~'") added to any sequence

(range 0 thru 700

Consider partial matches between degenerate symbols for uncorrected or Jukes-Cantor distance —

Gap weight for uncorrected or Jukes-Cantor distance i-b

(range 0.0 thru 2

Report negative branch lengths as negative (instead of zero) =

e

Disbisti Trce As: phylogram (branch lengths proportional to distance)

@
O

cladogram (all branches the same length)

@ @ Doug Brutlag 2010
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SeqWeb v Grow Iree Distances
http:/ / seqweb.stanford.edu:81/ gcg-bin / analysis.cgi?program=evolution-prot

SeqWeb v, ,

Evolutionary Analysis Results
i Genetic Distances
B calculated over: 9 to 157

Correction method: Kimura protein distance
Distances are: estimated number of substitutions per 100 amino acids
symmatrix version 1

‘ |  Number of matrices: 1

;
Matrix 1, dimension: 7

key for column and row indices:

1= 1 hba_human
2 hba_horse
3 hbb_horse
4 hbb_human
5 glb5_petma
6 myg_phyca
7 '!gg-l_ﬁn-ybn
Matrix 1: Part 1
1 2 3 4 5 & Fi
1 0.00 13.39 a95.79 93.49 134 .46 173.98 540.37
2 0.00 91.25 g95.79 134 .46 179.53 S540.37
3 0. 00 18.90 211.52 180.02 257.93
Rt 4 0.00  196.68  180.02  287.05
.-.'r_._.IJIj % Ve g 0. O Ela.gg aaggg
PSR B : :
) "7 ) o e 7 0.00

< NIy @ | Doug Brutiag 2010
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GrowTree Phylogram (UPGMA)

GrowTres Phylogram

Februay 1o 2000 19015

~ hba_kumar

—- hba_khorse

— hbb_horse

— hkk _umar

glbS_petma

myg-phyca

Lo, a0
aubatiutions per- 100 ronldses

lgbl_soybn
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SeqWeb v,

svmbol comparison table:

GrowTree Alignment

(=) GapLEHgtﬁw
Pileup MSF: 165 Ty e -
Mame: hba  human
Mame: hbka horse
Name: hbb_horse
NMame : hbb_human
B MName: glbS5_petma
MName @ myg_p Wi al
l NMame: Tgbl_sowbn
e
g B
hba__human ————————— W
hba_horse ———————- T
I hbb_ horse ——e———— L)
hbb__human ~————————— W
" glbs__ petma PIVDTGSWVAP
EQ phyca —————— g |
1 sovbn ——————— ga
51
hba__human wfp f.dls
I. hba horse YR F.DLS
hbb__horse FFDSFCDLS
hbb__human ffesfgdist
glb5_petma FFPKFEGLTT
Eg_phyca kfdrfkh 1kt
1 sovbn Tfsflan...
101
hiba human 1...0a kKir
hba_ horse L...HAHKLR
hbb_horse L... DKL
hbb_human 1. .. 1ocdk’
glbhs5_petma LSCKE! AKSFO
gg_phyca lagshatki 1k
1 sovbn Twvsilhagkaw
151
hba_human stwvilitskyir—
m hba_ _horse STWVLTSKYR~
F e Y 4 hbb_ _horse AsAalLAsl BEyH~
-"Widﬂ?ﬁ , hbb__human ansalakyh~
e4) T N glbs petma CILLRSAY ——
V'ﬁmwi;ﬁﬁj Eg phyca rkdiaakyvke
e, e ﬁi 1_soybn aaaikka~—
L .
Ay LR

P AWM
pdavvﬁ 0] Sy
A0 R R SA DN
caaemkased |
.oOwdptopk

Ffkills
FELLS
wDPE-“FRLLI=
wvidpen®r11g
WDPOY FRWLA
ipikylefis
tdpg . Fvwwk

whid e
WO P

e S e
——— e — —
— e e — —
———— e —— —

e

— e e — —

kg
=Y
=
ka
R
ke
t_.

okbkwvada
o R RS A,
R EWL S
okkwviliga
AFERT I M
Iwtw lta
ac=klfal

Cllwrelaa
CLLSTELEAW
WL W LA R
wllwiw la
AN T AT . .
ez311 v il s
eal lkti1kea

ltawva wdd
LTLANWGHLDD
FoECY LD

Ffsdglahld

AN A S
Ilgo...ailkk
wvrdsagql . k

lpasfrpaw
LF" CiET PaAas
FGEDFTPELLD)
F’keftppuq

share marrix:blosum&? . cmp CompCheck: 171
eight: B
weight: 2
=] February 1, 20010 10:15% Check: 6593 ..
Len: 165 Check: 1231 weight: 1.00
Lermn: 165 cCheck: 2167 weight: .00
Lern: 165 Check: 9310 WwWelght: A .0
Len: 1655 check: 208 weight: A .0
Lern: 165 Check: 2079 weight: ]
Lermn: 165 Check: 4320 weight: .00
Lern: 165 Check: 7278 wWeldght: A .0
5
Ispadktnvk aawokwvgaha geyvgasaler mfilsfprtk
LSAADK T WK ASWSEYWZEH8 GEYGAEALER MELGFPT TE
LSCEERAAVWL ALWDEYW . . E EEWVGGEALC R LLWWYPWTO
Iltpeceksavt alwokw. . dewvoagea 1 1 1wwwpswitq
LSasarFETEIR S-.ﬂ.'-h'.-l!-.P"-.-""r"ST"r" ET S "-.-"DIL"-.-"I'{ FETSTPAAL
Ilsegewoy 1wl vwwakveadw ag fqd111r I ks petl
fFfrekgealvs ssfeafkani pgyswwifyns ilekapaak
A0

mpralsals
LPGAL SVLS
LKCTFRAALS
lkgrfactils
TEKEMSMELR
kg eaa |k
trhgtwvwada

15
asldkflas
ASE D-I'-:'J:I._S.S.
A SR A
aawokwwacd
ACFEKLMSM
dam kalel
Sawewvayde
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SeqWeb v, . o
= GrowTree Neighbor Joining Tree

http:/ / seqweb.stanford.edu:81/ gcg-bin/ analysis.cgi?program=evolution-prot

GrowTres Phylogram

Febraary 1. 2010 121
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GrowTIree VegF Input

http:/ / seqweb.stanford.edu:81/ gcg-bin/ analysis.cgi?program=evolution-prot

GrowTree 2
Construct Phylogenetic Trees from Peptide Sequences.
. BPS M Select From: [ Default M (iject} (Local File} (CIipboard} (Database)
= ~ Sequence  Descripton = Type Length  Range
VEGFA CHICK.ssf VEGFA_CHICK 216 aa 01-JAN-1970 P 216 1.. 216
VEGFA MOUSE.ssf VEGFA_MOUSE 214 aa 01-JAN-1970 P 214 1..214
VEGFA BRARE.ssf VEGFA_BRARE 188 aa 01-JAN-1970 P 188 1.. 188
VEGFA RAT.ssf VEGFA_RAT 214 aa 01-JAN-1970 P 214 1...214
VEGFD RAT.ssf VEGFD_RAT 326 aa 01-JAN-1970 P 326 1.. 326
VEGFA MESAU.ssf VEGFA_MESAU 190 aa 01-JAN-1970 P 190 1 190
VEGFE MOUSE.ssf VEGFB_MOUSE 207 aa 01-JAN-1970 P 207 1.. 207
VEGFA CANFA.ssf VEGFA_CAMFA 214 aa 01-JAN-1970 P 214 1..:214
VEGFB BOVINM.ssf VEGFB_BOVIN 207 aa 01-JAN-1970 P 207 1. 207
VEGFE RAT.ssf VEGFB_RAT 207 aa 01-JAN-1970 P 207 1..207
VEGFD MOUSE.ssf VEGFD_MOUSE 358 aa 01-JAN-1970 P 358 1.. 358
VEGFA SHEEP.ssf VEGFA_SHEEP 146 aa 01-JAN-1970 P 146 1 146
VEGFC RAT.ssf VEGFC_RAT 415 aa 01-JAN-1970 P 415 1..415
VEGFA BOWINM.ssf VEGFA_BOVIN 190 aa 01-JAN-1970 P 190 1.. 150
VEGFA HORSE.ssf VEGFA_HORSE 190 aa 01-JAN-1970 P 190 1..150
VEGFA CAVPO.ssf VEGFA_CAVPO 164 aa 01-JAN-1970 P 164 1 164
VEGFA COTJA.ssf VEGFA_COTIA 216 aa 01-JAN-1970 P 216 1..416
VEGFC HUMANM.ssf VEGFC_HUMAN 419 aa 01-JAN-1970 P 419 1..419
VEGFD HUMAM.ssf VEGFD_HUMAN 354 aa 01-JAN-1970 P 354 1.. 354
VEGFC MOUSE.ssf VEGFC_MOUSE 415 aa 01-JAN-1970 P 415 1..415
VEGFA PIG.ssf VEGFA_PIG 190 aa 01-JAN-1970 P 190 1.. 150
VEGFB HUMANM.ssf VEGFE_HUMAN 207 aa 01-JAN-1970 P 207 1..207
VEGFA HUMAN.ssf VEGFA_HUMAN 232 aa 01-]JAN-1970 P 232 1. 232
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GrowTree VegF Neighbor Joining Tree
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VegF Growth Factors

http:/ /en.wikipedia.org/wiki/ Vascular_endothelial_growth_factor

Comparison
Type Function

= Angiogenesis
= T Migration of endothelial cells

= T mitosis of endothelial cells
= T Methane monooxygenase activity

vEfF' = T avp3 activity
= creation of blood vessel lumen
= creates fenestrations
= Chemotactic for macrophages and granulocytes
= Vasodilation (indirectly by NO release)
VEGF- : : :
& Embryonic angiogenesis
VEGF- c .
c Lymphangiogenesis
VEGF- . : .
D Needed for the development of lymphatic vasculature surrounding lung bronchioles
PIGE Important for Vasculogenesis, Also needed for angiogenesis during ischemia,

inflammation, wound healing, and cancer.
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GrowTree VegF UPGMA Tree

http:/ / seqweb.stanford.edu:81/ gcg-bin/analysis.cgi?program

evolution-prot

i

L

GrowTras Frylogram
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GrowIree VegF Alignment

http:/ / seqweb.stanford.edu:81/ gcg-bin / analysis.cgi?program=evolution-prot

‘ 101 150

VEGFC_RAT MRTGDTWKLA AANYWTEILK SIDNEWRKT( CMPREVCIDV GKEFGAATHT
VEGFC_MOUSE TRTGDSVKFA AAHYNTEILK SIDNEWRKTQ CMPREVCIDV GKEFGAATHT
VEGFC_HUMAN SRTEETIKFA AANYNTEILK SIDNEWRKT( CMPREVCIDV GKEFGVATHT
VEGFD_RAT RST....RFA ATFYDTETLK VIDEEWQRTQ CSPRETCVEV ASELGKTTHT
VEGFD_MOUSE RST....RFA ATFYDTETLK VIDEEWORT( CSPRETCVEV ASELGKTTHT
VEGFD_HUMAN RST....RFA ATFYDIETLK VIDEEWOQRT(Q CSPRETCVEV ASELGKSTIT
VEGFB_BOVIN .AQAPVSOPD APGHOKKVVS WID.VYARAT COPREVWWPL 'MELMGTVAK
. VEGFB_HUMAN .AQAPVSOPD APGHORKVVS WID.VYTRAT COPREVWWPL TVELMGTVAK
VEGFB_MOUSE .TQAPVSOFD GPSHOKKVVP WID.VYARAT COPREVWWPL SMELMGIWVK
VEGFB_RAT .TQAPVSOFD GPSHOKKVVS WID.VYARAT COPREVWWPL SMELMGIWVK
- VEGFA_CHICK LSKAAPALGD GERKPHEVIK FLE.VYERSF CRTIETLVDI FQEYPDEVEY
VEGFA_COTJA LSKAAPALGD GERKPNEVIK FLE.VYERSF CRTIETLVDI FQEYPDEVEY
VEGFA_MOUSE WSQAAPTTE. GEQKSHEVIK FMD.VYOQRSY CRPIETLVDI FQEYPDEIEY
VEGFA_RAT WSQAAPTTE. GEQKAHEWWK FMD.VYQRSY CRPIETLVDI FQEYPDEIEY
VEGFA_MESAU WSQAAPTTE. GEQKAHGVVE FMD.VYRRSY CHPIETLVDI FQEYPDEIEY
VEGFA_BOVIN WSQAAPMAE. GGOKPHEVVK FMD.VYQRSF CRPIETLVDI FQEYPDEIEF
. VEGFA_PIG WSQAAPMAE. GDOKPHEVVK FMD.VYORSY CRPIETLVDI FQEYPDEIEY
‘ VEGFA_HORSE WSQAAPMAE. GENKTHEVVK FMD.VYOQRSY CRPIETLVDI FOEYPDEIEY
VEGFA_CAVPO ~~~APMAE. GEQKPREEVK FMD.VYKRSY CRPIEMLVDI FQEYPDEIEY
VEGFA_CANFA WSQAAPMA.G GENKPHEVVK FMD.VYOQRSY CRPIETLVDI FOEYPDEIEY
VEGFA_HUMAN WSQAAPMAEG GGOMHHEVVK FMD.VYQRSY CHPIETLVDI FQEYPDEIEY
VEGFA_SHEEP 1 G, FMD.VYQRSF CRPIETLVDI FQEYPDEIEF
VEGFA_BRARE ...AAHIPKE GGKSKNDVIP FMD.VYKKSA CKTRELLVDI IQEYPDEIE

151 208

. VEGFC_RAT FFKPPCVSVY RCGGCCNSEG LOOMWTSTGY LSKTLFEITV PLSQGPKPVT
VEGFC_MOUSE FFKPPCVSVY RCGGCCHSEG LOQCMNTSTGY LSKTLFEITV PLSQGPKPVT
VEGFC_HUMAN FFKPPCVSVY RCGGCCHSEG LOCMUTSTSY LSKTLFEITV PLSOQGPKPVT
VEGFD_RAT FFKPPCV!VF CCHEES VMCMNTSTSY ISKOLFEISV PLTSVPELVP
VEGFD_MOUSE FFKPPCVIVF RCGGCCHEEG VMCMITSTSY ISKOLFEISV PLTSVPELVP
VEGFD_HUMAN FFKPPCVIVF RCGGCCHEES LICMNTSTSY ISKOLFEISV PLTSVPELVP
VEGFB_BOVIN QLVPSCVTVD RCGGCCPDDG LECVPTGOHQ VRMQILMIQ. YPSS..QLGE
VEGFB_HUMAN QLVPSCVTVD RCGGCCPDDG LECVPTGOHQ VRMOILMIR. YPSS..QLGE
VEGFB_MOUSE QLVPSCVTVD RCGGCCPDDG LECVPTGOHQ VRMQILMIQ. YPSS..QLGE
VEGFB_RAT QLVPSCVTVQ RCGGCCPDDG LECVPIGQHQ VRMQILMIQ. YPSS..QLGE
VEGFA_CHICK IFRPSCVPLM RCAGCCGDEG LECVPVDVYH VTMEIARIKP H0S0Q..HIA
VEGFA_COTJA IFRPSCVPLM RCAGCCGDEG LECVPVOVY!N VTMEIARIKP HOSOQ..
VEGFA_MOUSE IFKPSCVPLM RCAGCCHDEA LECVPTSES! ITMQIMRIKP H0S0Q..
VEGFA_RAT IFKPSCYPLM RCAGCCNDEA LECVPTSES!) VTMQIMRIKP -0SQ..
VEGFA_MESAU IFKPSCVPLM RCGLCCSDEA LECVPTSESH ITMOIMRVKP H0SQ..
VEGFA_BOVIN IFKPSCVPLM RCGGCCHDES LECVPTEEFY ITMOQIMRIKP HOSO. .
VEGFA_PIG IFKPSCWPLM RCGGCCNDEG LECVPTEEFN ITMQIMRIKP HQGQ..
VEGFA_HORSE IFKPSCVPLM RCGGCCHDEG LECVPTAEFN ITMOQIMRIKP HOSO. .
VEGFA_CAVPO IFKPSCVPLM RCGGCCHDES LECVPTEEFN ITMQIMRIKP HQGQ. .
VEGFA_CANFA IFKPSCVPLM RCGGCCHDEG LECVPTEEFN ITMOQIMRIKP HOQGQ. .
VEGFA_HUMAN IFKPSCVPLM RCGGCCHDEG LECVPTEESN ITMQIMRIKP HQGQ..
VEGFA_SHEEP IFKPSCVPLM RCGGCCHDES LECVPTEEFN ITMOQIMRIKP HOSQ. .
VEGFA_BRARE TYIPSCWVLM RCAGCCHDEA LECVPTETRM VTMEVLRVKQ RVSQ..
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