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Module 4: Comparative Sequence Analysis

Aims
* Review the sequences available from different organisms
* |dentify putative homologous genes
* Compare genome sequences from different organisms and identify
conserved sequences

* Analyse conserved sequences for potential regulatory function

Comparative sequence analysis is a powerful method for aiding human gene
identification, inferring function of a gene's product, and identifying novel
functional elements such as those involved in transcriptional regulation. This
is because biologically important regions of the genome are, generally, under
selective constraint. Comparing the genome sequences from a variety of
organisms may facilitate the identification of functionally significant units in the
human genome.

The information that can be inferred when comparing sequences is dependent
on the evolutionary distance between the two organisms. Organisms that are
closely related are more likely to share a higher degree of sequence similarity.
Distantly related organisms such as yeast and worm share less sequence
similarity and are likely to show sequence conservation in coding regions
alone. This may also be true for distantly related vertebrates such as fish.
More closely related organisms, such as mouse, are likely to be conserved in
coding regions, and other functional elements such as regulatory sequences.
However, the closer the evolutionary relationship with human, the more
‘sequence noise’ is likely to arise where non-functional sequence appears
similar because insufficient time has elapsed for the two sequences to

diverge.
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Evolutionarily Related Gene Sequences
Homologous genes are derived from a common ancestor and may either a
similar sequence or function. In general, homologous genes can be divided

into two classes:

Orthologues are genes that often perform the same function in different
organisms. They are defined as being homologous genes in different
organisms derived from the same gene during speciation. In general, their
sequence similarity reflects amount of time since they diverged from a
common ancestor i.e., the less time that has elapsed since divergence, the
greater the sequence similarity between the two genes. These are genes 1

and 2 in figure 4.1.

Paralogues are genes families that are present with in a single species.
Often they arise by duplication. These genes are not under the same
pressure to maintain their function so that one copy may acquire a novel

function. These are genes 2 and 3 in figure 4.1.
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Figure 6.1 Homologous Gene Sequences
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Identifying evolutionarily related gene sequences — where to start...
Most searches for orthologous genes begin with blast searches (for more
details refer to module 1 of this manual). The type of search that you should
perform depends upon what information you have at your disposal. Protein
sequence based queries generally find more distantly related matches
because of the redundancy in the genetic code (i.e. some amino acids are
encoded by more than one codon). Nucleotide searches using the
discontiguous megablast parameters are also very useful. We recommend
that you survey a number of different databases using a number of different

search parameters to obtain the most informative results.

BUT be warned: uncertain Orthologues

You may encounter gene sequences that appear to be orthologous and may
be derived from the same ancestor but no longer perform the same biological
function (for example genes 1 and 3 in figure 4.1). If you choose to analyse
such sequences the sensitivity and specificity of your search will be reduced

and it may not yield any informative results.

For example, the gene for bone morphogenetic protein 8 (BMP8) was
duplicated in a common ancestor of human and mouse giving rise to BMP8a
and BMP8b (see Figure 4.2). BLAST analysis of these four sequences yields
quite confusing results. Human and mouse BMP8a are reciprocal best
alignments using both nucleotide and protein sequences to search. In
contrast, both the nucleotide and protein sequences of mouse Bmp8b align
best to their human BMP8a counterparts. Human BMP8b mRNA aligns best
to mouse Bmp8b mRNA, but human BMP8b protein aligns best to mouse
Bmp8a protein, while mouse protein Bmp8b aligns best to human protein
BMP8a (Nardone et al., 2004, figure 4.2).
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Adapted from Nardone et al., 2004

Figure 4.2 Uncertain BMP8a and BMP8b orthologues.

Therefore, we recommend that you perform the following steps to confirm the
true functionality and relatedness of your gene sequences. Much of this can
be information can be obtained from genome browsers such as Ensembl, NB
KI NCBI or the UCSC.

1) Identify any other paralogues that may affect your analysis. This can
be achieved by performing a BLAST search your sequence against it
source genome or using the self-chain track at the UCSC genome

browser.

2) Confirm the percentage identity (similarity) at both the nucleotide and
protein level between paralogous and orthologous sequences to

ensure that you are analysing the most closely related sequences.

3) Perform evolutionary analysis of nucleotide/protein sequence
(phylogeny). In contrast to similarity-based methods such as BLAST,
phylogenetic methods can better take into account the effects of

repeated substitutions at one site and variable rates of evolution
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among sequences. Multiple genes are placed in an evolutionary tree

representing genealogical relationship

4) Compare the exon/intron structure of your orthologous genes.

Evolutionarily related genes often share a similar gene structure

5) Examine the chromosomal context of the two orthologous genes.
Closely related species, such as human and mouse often have large
conserved segments (for definition see later section Genome sequence
analysis) and therefore neighbouring genes are also shared between

the two species.

Comparative Genome Analysis

Comparing the DNA sequences of different species is a powerful method for
decoding genomic information. This is because functional sequences tend to
evolve at a slower rate than non-functional sequences. By comparing the
genomic sequences of several species at different evolutionary distances it is
possible to identify coding sequences, conserved non-coding sequences and

those sequences that are unique to humans.

Advances in bacterial clone mapping and sequencing that evolved during the
construction of the sequence-ready maps for particularly the worm and the
human genome are now being applied to other organisms. The sequence of
many genomes has or is being generated using a combination of the clone-
by-clone method (adopted for generating the human genome sequence by the
public effort) and whole genome shotgun (WGS - used by Celera to generated
the sequence of the fruit fly and their version of the human genome
sequence). Finished and unfinished genome assemblies are currently
available for 44 vertebrates. The front page of the genome browser Ensembl
(http://www.ensembl.org) is shown on the following page (figure 4.3). It
displays all species whose genomes have been sequenced and assembled.
Further information about individual species, its sequence coverage and

participating research institutes can be found by following the appropriate
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hyperlinks on this page. Similar links can also be found at the UCSC genome

. . .
Figure 4.3. Ensembl — available species (May 2009)
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When two species diverge from a common ancestor those sequences that

maintain their original function are likely to remain conserved in both species

throughout their subsequent independent evolution. Therefore comparing

sequences in different species is a powerful tool for increasing the confidence
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of a predicted functional unit, or identifying novel functional units (e.g. human,

mouse and zebrafish).

In general, greater evolutionarily distance between the species is reflected by
more divergent sequences and fewer shared functional units. Comparing
sequences that diverged from a common ancestor approximately 450 million
years ago (mya) e.g. human and fish aids the identification of coding
sequences. Conserved non-coding regions are generally not identified. If the
evolutionary distance between the two species is reduced to approximately 60
mya, e.g. human and mouse, both non-coding and coding units are commonly
conserved. A large number of features are conserved between recently
evolved species such as human and chimp. The inclusion of a closely related
species in a comparative analysis makes it possible to identify coding and
non-coding sequences but also those genomic sequences that may be

responsible for traits that are unique to the reference species.

Table 4.1: Selection of Species for DNA Comparisons

Human vs. Chimpanzee Mouse Opossum Fish
Size (Gbp) 3.0 2.5 3.5 0.4
Time since ~5 MYA ~65MYA ~150 MYA | ~450 MYA
divergence
Sequence >99% ~80% ~70% ~65%
conservation
(in coding
regions)
Aids Recently Both coding | Both coding Primary
identification changed and non- and non- coding
of ....... sequences and coding coding sequences
genomic sequences | sequences
rearrangements
Background HIGH MODERATE LOW VERY
noise LOW

Today we will be showing you some of our favourite web-sites where
homologous gene sequences can be identified and analysed. These are

listed in table 4.2. As with most types of web-based genomic analysis there
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are a vast number of sites that can be used for this type of analysis. These

sites require different amounts of information from the user; some require an

input sequences while others contain pre-calculated information in a database

that can be interrogated easily.

Table 4.2 Different steps and web programmes that can be used to

identify evolutionarily conserved regions

Using whole genome

Interrogating and

assemblies incorporating sequences
from databases
Identifying UCSC - Self Chain NCBI - blastn
paralogues Ensembl — Protein family
Identifying Ensembl — Orthologue Discontiguous megablast
orthologues Prediction BLAST-n, -p
UCSC - BLAT BLink
Confirming true Ensembl - MultiContigView Clustalw
orthology - SyntenyView
- AlignSliceView
Aligning and ECR Browser zPicture
identifying Genome Vista Vista
conserved PhastCons LAGAN
sequences

WORKED EXAMPLES:

1) Identifying paralogous and orthologous genes

The easiest and most common method used to identify homologous

sequences exploits the sequence conservation between related genes. This

can be identified using sequence similarity searches i.e., BLAST searches

against nucleotide or protein databases (see module 1). However, in many

cases the genome browsers such as NCBI, Ensembl and the UCSC genome

browsers have already done the hard work for you. For example orthologous
gene predictions from whole genome assemblies can be accessed from either
HomolGene (NCBI) or Orthologue Prediction (Ensembl); while paralogous
genes can be identified by following the Protein Family link found in Ensembl

GeneView.

106



Zebrafish Workshop Module 4: Comparative Sequence Analysis

a) Useful sites at the NCBI

If you have the sequence for your gene of interest in one species and wish to
find orthologues BLAST is a good starting point

BLAST Species
specific databases

»NCBI/BLAST Home
BLAST finds regions of similarity between biological sequences. [more...

Learn more about how to use the new BLAST design available
The binaries for Bl

BLAST Assembled Genomes
08-04-01 07:50:00

Choose a species genome to search, or list all genomic BLAST databases.
[2) More BLAST news...

8 Human 9 Oryza sativa o Gallus gallus
o Mouse o Bos taurus o Pan troglodytes
o Rat o Danio rerio o Microbes
8 Arabidopsis thaliana D hila mel o Apis mellifera EpOtineERe
Use Genomic BLAST to
see the genomic
Basic BLAST <o If the genome of

If you are interested in the
evolution of a particular
gene or gene family it is

Choose a BLAST program to run

your species of

nucleotide blast

protein blast

blastx

thlastn

icleotide database using a nucleotide query
ms: blastn, bl il ous megablast

Search protein database using a protein query
Algorithms: blastp, psi-blast, phi-blast

Search protein database using a translated nucleotide guery

Search ranslated nucleotide database using a protein query

often intetesting to examine
the intro-exon structure
&ven across species.
Often, the only data
available is the mRNA
sequence from a cONA or &
curated database such as
refseq. Is it possile,
however, & Gw the

interest is not
complete you can
BLAST trace
archicves for

Fhigns to genomic
sequence using BLAST and
thus arrive at an idea of its
possible intron exon
structure.

thlastx | Search translated nucleotide database using a translated nucleotide query

specific organisms

Specialized BLAST

[ More tips...

Hint — use
discontiguous
megablast

Choose a type of specialized search (or database name,

Search trace archives
Find conserved domains in your sequence (cds)

Find sequences with similar conserved domain architecture (cdart)
Search seq that have gene expression profiles (GEO)
Search immunoglobulins (IgBLAST)

Search for SNPs (snp)

Screen sequence for vector contamination (vecscreen)

Align two sequences using BLAST (bl2seq)

Search protein or nucleotide targets in PubChem BioAssay

ooooooooao

However NCBI has pre-computed orthologues which can be found in the
HomoloGene page. However because this page is precomputed this means
that it does not contain the most recently assembled genomes.
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1: We will start by searching for our gene of interest MITF at NCBI

National Center for Biotechnology Information

-
<3 NCBI

National Library of Medicine National Institutes of Health

PubMed All Da

Structure

Type MITF into

for | MITF
All Databases ~ Seal"Ch bOX
NCBI Web Site bes NCBI do?
Alphabeti
Resource s din 1988 as a national resource for  » Assembly Archive
biology information, NCBI creates R
Bbases, conducts research in ni'uls‘ers of
nal biology, develops software orthelogous groups
nalyzing genome data, and >
tes biomedical information - all for C°ﬁ92%'.eak'
nderstanding of molecular enes & Lisease,
; NCBI Handbook
affecting human health and
ore about NCBI... » Electronic PCR
rotein Clusters\ > Entrez Home Search
Entrez Protein Clusters datahase
— ewerme | HomoloGene
ez Protein Clusters database is a i
Equence (Ref: =, from the complete » Gene expression
Fyotes, plasmids, and organelles, that have omnibus (GEO)
Ul ooene K and annotated based on sequence similiarity and
on. Click here to find out more about the Protein » Human genome
base. resources

[ u' HomoloGene

Genome Structure Gene Uniene OMIM

Search | HomoloGene | for [MITF | Save Search

[ Lirnits T Preview/ndex ) History. T Clipboard \\ Details 1
2. Select
: By [sommay ) Saw[20 ¥][sor0t0 9]
[+ Fungi 0] warmmats 2 ] HomoloGene:4892
Items 1 - 4 of 4 One page.
Query Tips e
Build Procedure 01: Homol 4892. Gene in E Download, Links
e MITF microphthalmia-associated transcrip.. Homo sapiens T h e M ITF g e n e
MITF microphthalmia-associated transcrip.. Pan troglodites .
MITF microphthalmia-associated transcrip.. Canis lupus familiaris fa m I Iy
MITF microphthalmia-associated transcrip.. Bos taurus
Mitf microphthalmia-associated transcrip.. Mus musculus
BT e Mitf microphthalmia-associated transcrip.. Rattus norvegicus
MITF microphthalmia-associated transcrip.. Gallus galius
mitfb microphthalmia-associated transcrip.. Danio rerio
) -:HomoloGene NCB) L
Help Sign In] [Register]

Search | HomoloGene v | for

f Limits. T Preview/ndex T History T Clipboard T Details 1

Display | HomoloGene v| show 20 v|[Sendto v
["an: 1] Fungi: 0| Mammals: 0 [%]

.
11 HomoloGene:4892. Gene conserved in Eutleostomi Links to gene and

. . .

Genes Proteins protein information
Genes identified as putative homologs of one another Proteins used in sequel
during the construction of HomoloGene.

S| MITF, Homo sapiens NP_937802.1 —_——

| factor 520 aa
S| MITF, Pan trogiodites | XP_001138775.1 ————a————
i i iption factor 526 aa
S| MITF, Canis lupus familiaris | XP_B855594.1 —_—
factor 419 aa
S| MITF, Bos taurus 21| NP_001001150.1 ——————a————
i iated iption factor 413 aa
Si Mitf, Mus musculus @1 NP_032627.1 —_—
factor 419 aa
S| Mitf, Rattus novegicus s1| XP_001065702.1 =—————————a——————
i hal iated factor 520 aa
S MITF, Gallus galivs S| NP_990360.1 —_—
i i factor 468 aa
S| mitfh, Danio rerio 1| NP_571922.1 —_— =
factor b 427 aa
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3: Select Show

Protein Alignments Conserved Do
Protein muttiple alignment, pairsise similarity scores and Grmains from COO found in protein sequences
evolutionary distances. by 1psblast searching.

Multiple Alignment

Show Multiple Alignment
31| HLH (cd00083)
Helix-loop-helix domain, found in specific DNA-

binding proteins that act as transcription factors; 60-
Pairwise alignments generated using BLAST 100 armino acids long

Show Painwise Alignment Scores

Regenerate Alignments

Related Homology Resources

P. 138775.1 I

XP_ 001136775 (Ean troglodytes) | Links to curated and computed homology information found
XP_855594.1 (Canis lupus familiaris) v in other databases.

MGI: 104554
Orthology group for M.musculus Mitf includes H.sapiens
MITF and R.norvegicus Mitf.

Phenotypes UniGene
Phemoy iomaton o e gores n s HY ESHSS ik ofancriedseusnces bl by Further orthologues

thiast h f UniGe
Homo sapiens e id e nt ifi ed by

s1| Bt.29882, Bos taurus

MIM: 103470 H H

‘Waardenburg syndrome/ocular albinism, digenic. o factor SearChlng U n IGene
MIM:A03500 B merved e, swongly siriar 1o NP 0326271 H

o ranscribed locus, strongly similar to

Tietz syndrome. m\cmph(halmxa-assucla(geg } - Wlt h tb I ast n . He re

MIM: 193510

21| Bt.98153, Bos taurus
Transcribed locus, strongly similar to NP_032627.1
microphthalmia-associated

there is the horse

‘Waardenburg syndrome, type IIA.

Mus musculus - - rt h I

S| Cfa.2682, Cani g
MP:0001186 o o o u e
Pigmentation phenotype S| DrB1296 . Danio rerio
MP:0003631 Mi " o ; a
Nervous system phenatype si| Dr83675, Danio rerio
MP:0005371 Microphthalmia-associated tran tion factor b

Limbs/digits/tail phenotype -

c si Eca.12983, Equus caballus
MP:0005373 Microphthalmia transcription factor
Lethality-postnatal

wl Gna 275 G

s callus

Multiple Sequence Alignment

Multiple Alignmen
NP_937802.1 1  MQSESGIVPDFEVGEEFHEEPKTYYELKSQPLKSSSSAEHPGAS 44 u t p e g e t
XP_001138775.1 1  MQSESGIVPDFEVGEEFHEEPKTYYELKSQPLKSSSSAEHPGAS 44 of orthologous
XP_85559 -- ——mmmm - e - .
NE_001001150.1 protein sequences
Np_032627.1
XP_001065702.1 1 44
1  MQSESGIVPDFEVGDDFHEEPKTYYELKSQPLQNSNPSEQQ--- 41
NP_937802.1 45 KPPISSSSMTSRILLRQQLMREQMQEQERREQQQRLQAAQFMQQ 88
XP_001138775.1 45  KPPISSSSMTSRILLRQQLMREQMQEQERREQQQKLQAAQFMQQ 88
XP_855594.1 1 -----MLEMLEYN------~ - 8
NP_001001150.1 1 -----MLEMLEYN- 8
NP_03262 1 memmmmmmeeeee e MLEMLEY§-===============- 8
XP_001065702.1 45  KPPLSSSTMTSRILLRQQLMREQMQEQERREQQQKLQAAQFMQQ 88
NP_990360.1 1 memmmees MTSRILLRQQLMREQMOEQERREQQQKQQALQFMQQ 36
NP_571922.1 42  HGSCKPPLGSSRVLLRQQLMREQLQQQERREQQKRQ-------- 77
NP_937802.1 89  RVPVSQTPAINVSVETTLPSATQVEPMEVLKVQTHLENPTKYHIQ 132
XP_001138775.1 89  RVPVSQTPAINVSVPTTLPSATQVPMEVLKVQTHLENPTKYHIQ — 132
XP_855594.1 9 - = --HYQVQTHLENPTKYHIQ 25
NP_001001150.1 9 - = --HYQVQTHLENPTKYHIQ 25
NP_03262 9  mmmmmmmeeeeeeeeeeeeeeeeo HYQVQTHLENPTKYHIQ 25
XP_001065702.1 89  RVAVSQTPAINVSVPTTLESATQVPMEVLEVQTHLENPTKYHIQ 132
NP_990360.1 37 RVPVSQTPAINVSVPASLPPATQVPMEVLRVQTHLENPTRKYHIQ 80
NP_571922.1 78 -ISITHSPAINVSHPCGPPSAAQVPMEVLKVQTHLENPTKYHIQ 120

4: return to HomoloGene page and select Show Pairwise Alignment
Scores.
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Display | Alignment Scores v | Show 20 v | Sendto v

0| Mammals: 0 [K]
892. Gene conserved in Euteleostomi

All: I‘ Fungi
A ' Links to pairwise
Alignment Scores o protein BLAST

Gene Substitution Rates ! .
Species Symbol Protein DNA d dydg dp/dye Allgnment
Homo sapiens MITF
vs. Pan troglodytes MITF 996 99.6 0.005 o1m 0.000 Blast
vs. Canis lupus familiaris MITF 97.3 935 0.068 0.050 0.695 Blast
vs. Bos taurus MITF 97.0 931 0.073 0.042 0.296 Blast
vs. Mus musculus Mitf 938 88.1 0.130 0.051 0.834 Blast
vs. Rattus norvegicus Mitf 94.0 895 0113 0.063 0.632 Blast
vs. Gallus gallus MITF 919 838 0.182 0.031 0.399 Blast
vs. Danio rerio mitfb 770 730 0.335 undef 0.452 Blast
Pan troglodytes MITF
vs. Homo sapiens MITF 996 99.6 0.005 o1m 0.000 Blast
vs. Canis lupus familiaris MITF 96.8 936 0.067 0.080 0.496 Blast
vs. Bos taurus MITF 97.0 931 0.072 0.042 0.297 Blast
vs. Mus musculus Mitf 93.4 879 0.132 0.054 0.740 Blast
vs. Rattus norvegicus Mitf 937 89.2 0.116 0.064 0.579 Blast
vs. Gallus gallus MITF 915 838 0.183 0.034 0.376 Blast
vs. Danio rerio mitfb 76.6 724 0.344 undef 0.501 Blast
Canis lupus familiaris MITF
vs. Homo sapiens MITF 97.3 935 0.068 0.050 0.695 Blast
vs. Pan troglodytes MITF 96.8 936 0.067 0.080 0.496 Blast
vs. Bos taurus MITF 97.8 93.4 0.069 0.028 0.426 Blast
vs. Mus musculus Mitf 931 876 0.136 0.054 0.642 Blast
vs. Rattus norvegicus Mitf 923 86.8 0.146 0.059 0731 Blast
vs. Gallus gallus MITF 918 831 0.191 0.032 0617 Blast
vs. Danio rerio mitfb 779 n7 0.355 undef 0.521 Blast

* d: the number of nucleotide substitutions per site, corrected for multiple substitutions
using the method of Jukes and Cantor (1969).

* dn/ds: the ratio of the rate of nonsynonymous substitutions (dy) to the rate of
synonymous substitutions(ds), calculated using the method of Nei and Gojobori
(1986). A high value of this metric indicates adaptive selection, whereas a low value
indicates purifying selection.

* dnr/dnc: the ratio of radical nonsynonymous substitutions (dyg) to conservative
nonsynonymous substitutions (dnc), calculated using the method of Hughes et al.
(1990). This metric is analogous to dy/ds, but it has the advantage of being useful for
studying the evolution of sequences that diverged in the distant past.

b) The Ensembl genome browser

1. From the Ensembl homepage select the Zebrafish genome browser.
2. Search e! zebrafish gene: eng2b and press go.

3. Select Ensembl Gene: ENSDAR00000038868

This should bring you to the GeneView page for the eng2b gene:
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Ensembl genome browser 54: D.rerio - Gene summary - Gene: eng2b (ENSDARG00000038868)

Module 4: Comparative Sequence Analysis

Bivv)-

http://www.ensembl.org/Danio_rerio/Gene/Summary?g=ENSDARG00000038868
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Supporting evidence
Sequence
External references (0)
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There is 1 trans

Gene summary he!p

Gene Tree (alignm: Name ena2b (ZFIN)
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Variation Table Method

Variation Image
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(1) Configuring the display

Tip: use the "Configure this page” link on the left to show additional data in this region.
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http://www.ensembl.org/Danio_rerio/Gene/Family?g=ENSDARG00000038868

Most Visited ¥

[ ==
Home > Zebrafish

Gene: eng2b
Gene summary
Splice variants (1)
Supporting evidence
Sequence
External references (0)
Regulation
B} Comparative Genomics
enomic alignments (
B Gene Tre
Gene Tree (text)
Gene Tree (alignmy
ues (12)

Protein families (1
[ Genetic Variation
Variation Table
Variation Image
External Data
B 1D History
Gene history
B User data
Personal annotation

* Configur

+ Addc
page

* Export data

* Bookmark this page

this page
m data to

Getting Started

Latest Headlines  Apple ~ Amazon eBay Yahoo! News~

Gene: eng2b (ENSDARG00000038868)

Homeobox protein engrailed-2b (Zf-En-1)(Eng3) sous

Location Chromosome 2: 27,938,253-27,941,786 forward strand.

There is 1 transcript in this gene: hide transcripts
[ Name | Transcriptip | Protein ID | Description |
|_eng2b | ENSDART00000056748 | ENSDARPO0000056747 | protein_coding |

Transcripts

« Paralogues Protein families help
Family ID Consensus annotation Other Zebrafish transcripts in this family
ENSFM00500000270570 RECNAME: FULL=HOMEOBOX ENGRAILED
. 748 (eng2b)
(4

(all proteins in family)

Ensembl release 54 - May 2009 © WTSI / £BI

Permanent link - View in archive site

Account | Logout | BLAST/BLAT | BioMart | Docs & FAQs

Variation Table

Multiple alignments

59 Ensembl members of this family Jal

94 members of this family JalView

sembl | Contact Us | el

Click on the 4 genes link to bring up family view.
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o Ensembl genome browser 54: D.rerio - ZEBRAFISH genes in this family - Gene: eng2b (ENSDARG00000038868) - Iceape
. File Edit View Go Bookmarks Tools Window Help

Qo O @ Q @hltp://\AMfw.ensemb|.crgIDan\oireno/Gene/Fam\\y/Genes?r=2:27938253—27941786)g=ENSDARGOOOOOOSBESB;t=ENSDART000000567AE; | [Q Search I SO

. 4 Home [5Bookmarks < Red Hat Network % Training - Documentation % Support % Software - Developers . Embedded % Search % Hardware % Downloads % Shop % News

(& =N
Home > Zebrafish Login / Register | BLAST/BLAT | BioMart | Docs & FAQs
Gene: eng2b

Gene: eng2b Gene: engzh (ENSDARGO0000038868)
Gene summary Homeobox protein engrailed-2b (21
Splc (mants (‘w ) Location
Supporting evidence
Sequence Transcipts
External reference:
- Gene Tree « Protein families ZEBRAFISH genes in this family help Variation Table »

Gene Tree (text)

Ensembl genes containing proteins in family ENSFM00500000270570

Variation Image ~ ~
External Data. M P
[}

Personal annotation ‘

Configure this page
ustom data to page

port data
Bookmark this page

% 5 ® 7 % B OX A 2B A B M

Gene Name Description(if known)
enalb hypothetical protein LOCS41371 [Source:RefSeq peptide;4cc:NP_001013516]
enc2h Homeahox protein engrailed-2b (Zf-En-1 XEng3) [Source:UniProtKBfSwiss-Prot;Acc:P31533)
eno2a Horneahox protein engrailed-2a (2f-En-2)( Eng2) [Source: UniProtKB/Swiss-Protcc:POS01S]
ENSDARGO0000014321 engla Hormeobox protein engrailec-1a (Eng1 ) [Source:UniProtKB/Swiss-Frot;Acc:004596]
Chronosome : 191162
Ensembil release 54 - May 2009 © WISI / EBI About Ensemb | Contact Us | Help
Permanent link - View in archive site
IR D> e

Ensembl 'FamilyView' provides a list of closely related Ensembl gene predictions together
with a consensus family description and shows the chromosomal location of family members
on a karyotype ideogram. It also provides a list of vertebrate UniProt sequences and Ensembl
protein predictions from other species that have been used to define the family. It therefore
provides a way of exploring orthologues and closely related homologues across a range of
animal species.

Putative paralogues are also listed in the hyperlinks on the left side of the
page — Paralogue prediction.

= « Orthologues Paralogues help
(text)
ee (alignm The following gene(s) have been identified as putative paralogues (within species)
Orthologues (12) Taxonomy Level Gene identifier
Paralogues (7) Euteleostomi ENSDARGO00000265
Protein families (1) H h
3 Genetic Variation

riation Table
Variation Image
External Data

(BBABBS5_DANRE) (v

- ID History
i Gene history grailed homolog 1 (
2 User data

Personal annotation

+ Configure this page
Add custom data to Bilateria
page
Export data

. Bookmark this page

RGOOCO0061818 (NP_001038589.1) [Multc Align]
proten 6969 [Source:RefSeq peptide;Acc:NP_001038589
14; Query %id: 16)

00040911 (LOCS56898) [MultiContigview) [Align]

View sequence alignments of all homologue

The gene orthology and paralogy predictions are generated by a pipeline where maximum likelihood
phylogenetic gene trees (generated by PHYML) play a central role. They aim to represent the
evolutionary history of gene families, i.e. genes that diverged from a common ancestor. These gene
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trees reconciled with their species tree (using RAP) have their internal nodes annotated to distinguish
duplication or speciation events.

5. Select Gene Tree from the left hand menu:

000 Ensembl genome browser 54: D.rerio - Gene Tree - Gene: eng2b (ENSDARG00000038868)

0

P — p— \ ~
(L)) e () (N[ http://www.ensembl.org/Danio_rerio/Gene/Compara_Tree?db=core;g=ENSDARG00000038868;r=2) 77 ¥ ) = ([Glr Q

e/

Most Visited v Getting Started  Latest Headlines  Apple~ Amazon eBay Yahoo! News~

Account | Logout | BLAST/BLAT | BioMart | Docs & FAQs

e gt Gene: eng2b (ENSDARG0O0000038868)

Homeobox protein engrailed-2b (Zf-En-1)(Eng3)

Location Chromosi 938,
Transcripts There is 1 transcript in this gene:_hide transcripts
[ Name | Transcriptip | Protein ID [ Description |
[_eng2b | ENSDART00000056748 | ENSDARPO00000S6747 | protein_coding |

Genomics
Genomic alignments (

) Gene Tree « Genomic alignments Gene Tree help Orthologues »
Gene T t)
Bilateria: 81 homologs | | O I
Percomorpha: 3 homologs I'T ¥ T TTeM T T
Variation Image #aih Dania milo
External Data EN2 Anolis carolinensis
B D His
Gon Euteleostomi: 27 homologs I T T T 1
B User data
Personal annotation ENSTNIG00000001538 Tetraodon nigroviridis
* Configure
Euteleostomi: 28 homologs I AT I
- Ciona: 2 homologs I BN EE IE N BN B
Bilateria: § homologs I T T
LEGEND
—— x1 branch length Gene ID current gene u speciation node collapsed sub-tree AA alignment match/mismd
-~ x10 branch length Gene ID within-sp. paralog w duplication node collapsed (current gene) Ml AA consensus > 66% (mis)|
-~ x100 branch length ambiguous node collapsed (paralog) I AA consensus > 33% (mis)
AA alignment gap

Export image

Use the "configure page’ link in the left panel to set the default. Further options are available from menus on individual tree nodes.

Click on view fully expanded tree, under view options to see the full image.

Gene TreeView represents the evolutionary history of gene families.

The Gene Tree displays the maximum likelihood phylogenetic tree (using PHYML) representing the
evolutionary history of gene families. Red squares show duplication and blue show speciation. The
gereen bars to the right are a representation of the multiple alignment of peptides made using MUSCLE.
Full boxes indicate matches/mismatches, open boxes indicate gaps in the alignment. Both the image
and the alignment can be dumped.
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o mbl genome browser 54: D.rerio - Gene Tree - Gene: eng2b (ENSD.

38868) - Iceape

_ file Edit View Go Bookmarks Tools Window Help

o

4% Home ‘ Bookmarks

R http:/fwww.ensembl.org/Danio_r

ed Hat Network S Training “ Documentation

ompara_Tree

TR TTEE (TERTT

Gene Tree (alignment

I~ Orthologues (12)

Faralogues (7)
Frotein families (1)

- Genetic Variation
Variation Table
Variation mage

External Data

B 1D History

| - Gene history

L Personal annotation

» Configure this page

» Add custom data to page
» Export data.

» Bookmark this page

MEOX] Gasterosteus aculsatus
MEOX] Oryzias latipes
MEOX] Takifugu rubripes.
MEOX1 Tetraodon nigravirdis
meax1 Danio rerio
ENSTGUG00000002938 Taeriopygia guttata
ENSTGUG000000 13769 Taeriopygia guttata
— 1P_990096.1 Gallus gallus
MEOX] Anolis carolinensis
MEOX] Sorex araneus
+_—Du NP_001102307.1 Rattus nowvegiass
MEOX] Tursiops truncatus
NP_001030453.1 Bos taurus
HEOX1 Myots lucifugus

XP_001491616.1 Equus caballus
MEOX1 Canis familiaris

MEOX Felis catus

MEOX1 Oryctolagus cuniculus
MEOX1 Ochotona princeps
MEOX] Cavia porcellus
MEOX1 Echinops telfair

MEOX1 Homo sapiens
HEOX1_PANTR Pan troglodytes

AIYF31_9PRIM Gorilla gorila

MEOX1_PONPY Pongo pygmaeus

MEOX1 Macaca mulatta

MEOX1 Otolemur gamettii

MEOX1 Spermophilus tridecemlineatus
Meax 1 Mus musculus
ENSOCUG00000007860 Oryctolagus cuniculus
MEOX1 Loxodonta africana

'MEOX1 Procavia capensis

MEOX1 Preropus vampyrus.

MEOX] Erinaceus europacus

'MEOX1 Microcebus murinus

MEOX1 Tarsius syrichta

L0 Meox1 choloepus hoffmanni

L o1

L MEOX1 Tupaia belangeri

L0 MEOX1 Monodelphis domestica
MEOX2 Omithorhynchus anatinus
MEOX2 Anolis carolinensis

MEOX2 Tak fugu rubripes
MEOX2 Tetraodon nigroviridis
NP_001038585.1 Danio rerio

MEOX2 Gasterosteus aculeatus
f E MEOX2 Oryzias latipes.
LOCS56898 Danio rerio

MEOX2 Tarsius syrichta

MEOX2 Microcebus murinus
MEOX2 Dasypus novemdnctus
MEOX2 Procavia capensis
MEOX2 Tupaia belangeri
HP_001031514 1 Bos taunus
5{ e i
MEOX2 Tupaia belangerf™s
Lu X011 65,1 Equus caballus

MEOX2 Canis familiaris
MEOX2 Preropus vampyrus

MEOX2 Gorilla gorilla
[ MEOX2 Pan troglodytes

= MEOX2 Homa sapiens
MEOX2 Pongo pygmaeus

MEOX2 Macaca mulatta

MEOX2 Erinaceus europacus
Meax2 Mus musculus

Meax2 Rattus norvegicus

Meox2 Dipodomys ordii
MEOX2 Spermophilus tridecemlineatus
MEOX2 Cavia porcellus

EOX2 Ochotona princeps

L0 MEOX2 Monodelphis domestica

_{:w_mmsm.n Gallus gallus
MEOX2 Taeniopygia guttata

L0 MEoX2 Xenopus tropicalis.

ENSCSA/GO000000§308 Cions savigryi
i_—uu QaH363_CIOIN Ciona intestinalis

b
AGAPO03406 Anopheles gambiae
1—'I:Em.,n,m.d.s e
C615696 Drosophila g

- - - -0 ROGF6.6 Caenorhabditis elegans

ENSTNIG000000 18144 Tetraodon nigroviridis
ENSTRUG00000011240 Takifugu rubripes

eng2b Danio rerio

T |

T I
| TN .. | -
W T NNTT e W T
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L 18 T T T | —

W W W e r
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ENSTNIG000000 18144 Tetraodon nigroviridis
ENSTRUG00000011240 Takifugu rubripes

eng2b Danio rerio
ENG fnols carolinensis

EN2 Tursiops truncatus

IPI00718569.5 Bos taurus

EN2 Canis familiaris
QSNIW7_HORSE Equus caballus

EN2 Preropus vampyrus

EN2 Myotis luckugus

EN2 Erinaceus europacus
NP_0011026841 Rattus norvegiaus
En2 Mus musculus

EN2 Cavia porcellus

EN2 Oryctolagus cuniculus

EN2 Pan troglodytes

EN2 Homo sapiens

EN2 Pongo pygmacus
EN2 Macaca mulatta

EN2 Otolemur garnetti

EN2 Echinops tekairi

EN2 Monodalphis domestica

EN2 Ornithorhynchus anatinus
EN2 Taeniopygia gurata

EN2 Xenopus tropicalis

e Q9PRF3_ORYLA Orysas latipes
o e 20f2) !

EN2 Takifugu rubripes
EN2 Tetraodon nigroviridis

EN2 (1 of 2) Gasterosteus aculeatus

ng2a Danio rerio

LEGEND

— x1 branch length

~-- x10 branch length
27 X100branchlength

ENL Gallus gallus
ENL Orrithorhynchus anatinus
ENL Pan troglodytes

ENL Homo sapiens
EN Pongo pygmacus

ENL Macaca mulata

ENL Ochotona princeps
1PI00716436.3 Bos taurus

ENL Tursiops truncatus

ENL Myotis lucifugus

Enl Mus musculus

EN1 Cavia porcellus

ENL Oryctolagus cuniculus
ENL Mirocebus murinus
XP_001488374.2 Equus caballus
ENL Canis familiaris

ENL Otolemur garnettii
ENI Monodelphis domestica

ENL Anolis carolinensis

0 N1 Xenopus tropicalis.
ENL (2 0f 2) Gasterosteus aauleatus
ENL Oryzias latipes
ENL (1 of 2) Takifugu rubripes

engla Danio rerio

ENL (1 of 2) Gasterosteus aculeatus
ENL (2 of 2) Takifugu rubripes
englb Danic rerio

'B8A685_DANRE Danio rerio

+——m:m6_cmsn Ciona savignyi
NP_001027651.1 Ciona intestinalis

inv Drosophila melanogaster

gambiae
HHEN_ANOGA Anopheles gambiae
ABELO14635 Aedes aegypti
en Drosophila melanogaster

-0 ceh-16 Caenorhabeits elegans

speciation node
u duplication node
& ambiguousnode

Gene ID current gene
Gene ID within-sp. paralog
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I AA alignment match/mismatch
collapse AA
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AA consensus > 33% (misjmatch
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Orthologue prediction at Ensembl

This is one of the easiest and most accurate sites for identifying orthologous
genes. Information is only available for species that have a sequenced and
assembled genome, so if you want to identify sequences from other species
you will need to use Blast.

Search for fgf8a:

yZ

Home > Zebrafish Account | Logout | BLAST/BLAT | BioMart | Docs & FAQs

Gene: fgf8a Gene: fgf8a (ENSDARGO0000003399)

Gene summary fibroblast growth factor 8 a [Source:RefSeq peptide;Acc:NP_571356)

Splice variants (1)

& Location 3,446,378-33,452,845 reverse strand.
Supporting evidence
Eacuende Transeripts here is 1 transcript in this gene:_hide transeripts
External references (0) [ Name [ Transcriptin | Protein ID [ Description |
Reguiation fgfBa | ENSDART00000025583 | ENSDARPO0000018653 | protein_coding
B Comparative Gen e
Gene summary help Splice variants »
i Name fafBa (ZFIN)
Synonyms ace, acerebelar, cb110, etiD309886.13, faf-8, faf8, id:ibd5031, wu:fo7306 [To view ol Enser
Gene type Known protei ding
¢ Variation Prediction Transcripts wert tated by the Ensembl genebuild.
iation Table Method
Variation Image Transcripts
External Data
26.47 Kb Forward strand e
Rl Eae BAEY o
33.44 Mb 33.45 Mb 33.45 Mb. 33.45 Mb 33.46 Mb
Contigs (CR925797.8 >
Ensembl gene 0
« Configure this page < fof8a
o Add cuator datatte. Known protein coding Ensembl gene
pag 33.44 Mb 33.45 Mb, 33.45 Mb 33.45 Mb 33.46 Mb.
Ex strand 26.47Kb
. Exp
« Bookmark this page Export image
(1) Configuring the display
Tip: use the "Configure this page” link on the left to show additional data in this region.
Ensembl release 54 - May 2009 © WTS! / EBI About Ensembl | Contact Us | Help
Permanent link - View ste
& Comparative Genor
Genomic 3 ®
&) Gene Tree « Gene Tree | Orthologues  help Paralogu
ignment | e foloy fing gene(s) have been identified as putat e
2} (.. If you dorit find  homologue here, it may be pecies paralogue. Please view the ene tree info or export between-species paralogues with BioMart to see more.)
Species. dN/dS  Ensembl identifier Extemal ref.
i Anole Lizard (Anolis carofinensis) T-to-many FGF3
& pssory
Cout (Bos taurs) T-to-many 88307_BOVIN
E .
s Fiotory Doy (Canis familiaris) 1-to-many FGFB_CANFA. )
Gons hlstocy Guinea Pig (Cavia porceitus) 1-to-many ENSC FGF8
B User data ot 7 )
Persanalannotation | giong intestinaiis t-to-many ENSCINGO0000003302 NP_001027645.1
S Teget i, 16, Qury i 15 i) RefsecLoephde o E_0010206145)
istom data to page Ciona savignyi 1-to-many ENSC 1185 Q8BGG2_CI0SA
2 Troet i, 14 Qury i 27 i) '
fmark this page Horse (Fquas cabalks) T-to-many EnsEC 0010125 FoFe
cors bacc pisarg
Cat (Felis catus) 1-to-many FGF8
cors bacc pssarg
Chicken (Gaflus galkes) 1-to-many FGF8_CHICK
Stickleback (Gasterosteus aculeatus) 1-to-1 FGFB (1 of 2)
eors bacc pssarg
Gorilla (Goritla govilla) 1-to-many FGF3
eors
Human (tomo sapiens) T-to-many FoFS
Macaque (Macaca mafatta) T-to-many FoF3
Mouse Lemur (Microcedues marinus) T-to-many FoF3
Opossum (Monodeiphis domestica) 1-to-many FGRS
Mouse (Mas mascaias) 1-to-many Fofe
Microbat (Myotis kucifugus) 1-to-many ENSML FGFE8
oy
Medaka (Oryaas latipes) 1-to-1 ENSORL FGFB (1 0f 2)
Trostid e,
Chimpanzee (Pan troglodytes) 1-to-many ENSPTRGE FGF8
Orangutan {Pongo pygmaeus) 1-to-many FGF8 et
o
Hyrax (Procavia capensis) 1-to-many FGF8
eors
Megabat (Pteropus vampyrus) 1-to-many El FGF8
Trsetid 53 eors
Rat (Fattus norvegicus) 1-to-many 7524 FafB
s 56, Quuyd 71 el eors
Squinel (Spermophiis tridecemiineatus) 1-tomany ENSSTO FoFs
Teset i
Zebra Finch (Facniopygia guttats) T-to-many ENSTGU FoF3
Tesetid o
Fugu (Takifeg rubripes) T-to-1 ENSTRU FGF3 (1 01 2)
Troetid 7
Tetraodon (Tetraodon nigroviridis) T-to-1 FGFB (1 0f2)
iz
Dolphin (7ursiops truncatus) T-to-many ENSTTRGO0000014339 FoFB
I-to-mmany ENSXETGO0000014474 fofs
o1 iz

Ensembl calculates the closest putative orthologues for species pairs. The stable identifiers of putative
orthologous genes lead to the corresponding 'GeneView' display of that gene within the web site for the
other species. The homologous genes represent the best reciprocal BLAST hits for the two species with
additional pairs obtained by a combination of BLAST and location information for more closely related
species. These homologues may therefore potentially represent orthologues. Types of orthologous
gene pairs are described on the webpage; dN/dS ratios (non-synonymous to synonymous substitutions
— an indicator of selective pressure) are also displayed.
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Click on align under the human orthologue to show the alignment:

—

Home > Zebrafish

Gene: fyf8a
- Gene summary
- Splic ants (1)
- Supporting evidence
Sequence
- External references {0)
- Regulation
Comparative Genomics
Genomic alignments {0)
Gene Tree

=
Gene Tree (text)
Gene Tree {alignment
Orthologues {29}
Paralogues {4)
— Protein families {1)
Genetic Variation
Variation Table
— Variation Image
wternal Data
ID History
Gene history
User data
— Personal annotation

e Configure this page

d custom data to page
e Export data

e Bookmark this page

Gene: fgf8a

Gene: fgfda (ENSDARG00000003399)

fibroblast growth factor 8 a [Source:RefSeq peptide;

Location

Chromosome 13: 33

MNFP_S571356]
3,452,845 reverse strand.

Transcripts

There is 1 transcript in this gene:_hide transcripts

Name Transcript ID Protein ID Description

fgf8a ENSDARTO0000025583 | ENSDARPOODO0018653 protein_coding

« Orthologues

Ortholog type: 1 to many orthologue

Species
Danio rerio
Homo sapiens
CLUSTAL W(1.81) smultiple

ENSDARPO0O0000L18653/1-210
ENSPO0000221797/1-244

ENSDARPO0OO000L86523/1-210
ENSPO0000221797/1-244

ENSDARPOOO0O0OLBES3/ 1-210
ENSPO0000221797/1-244

ENSDARPOOOO0OLBES3/ 1-210
ENSPO00002217587/1-244

ENSDARPOOOOOOLBES3/ 1-210
ENSPO0000221797/1-244

Gene ID
ENSDARGOD000003399
ENSGO000010783

797

ENSPO00003

sequence alignment

MPL IPSRLSYLFLHLFAFCYYAQ
MGSPRSALSCLLLHLLVLCLQAQEGPGRGPALGRELASLTRAGREPQGUS]

* T T T T P

s

ANKR INAMAED GDP FAKL IVETD

L I e ao kk e e e

Ak

TFGSRVRIKGAET GFY ICMITRRGKL IGKKIGL GKDC IFTE IVLENITYT AL Q CYE GWYL
GAET GLY ICMIEKGKL I AKSNGKGKD CVETE IVLENMTYT AL QN AKYE GWYM

L RAARk . ARk

e e e e e e e

B T T o T e & S 3

AFTRKGRPREKGSKTRQHQREVHIMERLPKGH] -~ IAEHRPFDF INYP FITRR----TKRTR
AFTRKGRPRKGSKTRIHQREVHIMKRLPRGHHTT-EQSLRFEFLONYPPFTRSLRGSQRTW

O

“

o A dedek “ *x

Y3G-ER
APEP-R
.

Ensembl release 54 - May 2009 @ WTS|/ EEBI

Permanent link - View in archive site

N.B. Orthologue prediction only allows two aligned sequences to be viewed. Aligned
eutherian or amniota genome sequences can be viewed within Ensembl using the MLAGAN
parameters. Multiple sequence alignment programmes such as ClustalW should be used to
align more than two orthologous nucleotide (mRNA) or protein sequences (covered in
modules 2 and 3).
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Confirming true orthology:

Other features of orthologue prediction will now be used to assess the
exon/intron structures and chromosomal context of putative orthologues.
Orthologous gene pairs often have similar transcript structures. These can be
compared visually using AlignSliceView at Ensembl. This is not available in

the current Ensembl release, so we will have to use an archive site.

Click back to the Gene summary page for fgf8a, and click on the view in

archive site link at the bottom of the page and chose ensembl 47.

o Ensembl release 47: Danio rerio Gene report for ENSDARG00000003399 - Iceape EER
. File Edit View Go Bookmarks Tools Window Help

GO O Q O [ http:/joct2007.archive.ensembl.org/Danio_rerio/geneview?gene=ENSDARG00000003399 ] [y search | I
. 4 Home [(3Bookmarks % Red Hat Network % Training “ Documentation  Support < Software % Developers % Embedded % Search % Hardware % Downloads % Shop “ News

ArChive!E"semb] Zebrafish Geneview @] i - ‘ search>> |1}

&g ENSDARGODDD0054352, ENSDAR

Oct 2007 z Z g e |l

Your Archive EnSEMBL [ Ensembl Gene Report for ENSDARG00000003399

o

fqf8 (ZFIN; Synonyms: ace, acerebellar, cb110, etlD309886.13, fgf-8, idibdS031, wu:fb73a08 ‘Toview all Archive ensembl genes linked fo the name click here.
e Lo o Regtar Gene faf8 (ZFIN)  Synony, 3 ,ch10, , T8, w7
© About User Accounts Ensembl Gene ID ENSDARG00000003399
ENSDARGO00000003399 Genomic Location This gene can be found on Chromosome 1 5

The start of this gene is located in

= Gene information

= Genomic sequence Description fibroblast growth factor
= Genomic sequence alignment

« Gene splice site image Prediction Method Genes were annotatedt by the Ensembl automatic analysis pipeline using either a Geneise/Exonerate model from a database protein or a set of aligned cDNAs followed by an ORF prediction.
TSR GeneWise/Exonerate models are further combined with availzble aligned cDN&s to annotate UTRs (For more information see \V.Curwen et al, Genome Fes. 2004 14:942-50)

=iGone ruristion iafe =] ) fafs  ENSD. ENSD, [ranscript info) Exon infol [Pentice info]

= ID history Transcripts =5

= Transcript information Lialliths

€ tuoe Miomatien Chr.13 eI 2057 b Db

= Protein information Length

= Export gene data

B o T Y o . o o O i
DN Afcartigs) [ chewrer |

Chromosome 13

20,566,784 - 20,573,252 Ensembl trans. <Tgi8
Ensembl Known Pretein Coding
= View of Chromosome 13 Length Kb Reversestrand —
= Graphical view 20.55 Mb 20.57 Mb 2057 Mb 20.57 Mb 205 Mb
= Graphical overview
e oo e [ onthotogue Prediction The following gene(s) have been identified as putative orthologues
Export Gene info in region (N.B. If you don't find a homologue here, it may be a between-species paralogue’. Please view the gene tree info or export between-species paralogues with BioMart to see more.)
Export SNP info in region Species Type Gene identifier
Bos taurs 1-to-many AGO0000001530 (086307 _BOVIN) (mificontiavies faiany
Ensembl Archive Marget i 55; Query i 70)
Canis familiaris I-to-many ENSCAFGO0000009918 (FGFS_CANFA) iz
€! View previous release of page a
in Archive! arget Sid: 66; Query id: 70]
! Stable Archivel link for this Ciona intestinalis I-to-many ENSCINGO000000S302 (NP_0D1027648.1) iz
e ! Bafseq peptide (NP_001027648]
Ciona savignyi 1-to-many 5 (086GG2_CIDSA) pulicontaview wisn
Felis catus 1-to-many 7 (FGF8) (uulficonfigview) (alian)
induced arowth fector) (AIGP) 3
Target i 51; Query i 501
Gallus galkus I-to-many ENSGALGOD000007708 (FGF8_CHICK) iz

Darget id: 75; Queny id: 501
Gasterosteus aculeatus T-to-1 ENSGACGO0000003803 (FGFS (1 of 2)) liar
induced grouth factor) (416

Darget i 52; Query id: 53)
Homo sapiens I-to-many  ENSGO0000107831 (FGPS) puulficontiavisu) @lian)

induced growth facton) (A1GP) ” 5
Marget %id: 53; Queny id: 73)
Macaca mulatta 1-to-many ENSMMUGO0000015771 (FGFS) pulfContiavien) alir)
induced growth facton) (AIGF). (5 ” 2
Target ueryid: 481
Monodelphis domestica I-to-many  ENSMODGOD0001 1718 (FGFB) tulficontiavien (alisn)

s induced arouth facton) AIGP)
57, Query i 71]

Mas muscuies 1-to-many  ENSMUSGO0000025219 (FgfS) pulticontiguiess (alian)
Troet i, 35 Quiry i 701
Myotis kcifagas 1-to-many  ENSMLUGO0000004959 (FGFS) pulficontiquien) (aliar)
induced arowth facton (41
Target id: 65, Quenyid: 651
Oryzias tatipes 1-to-1 ENSORLGO0000000913 (FGFS (1 of 2)) (alian)
induced rowth facton (416
Target id: 75; Quenyid: 301
Pan troglodytes 1-to-many  ENSP 874 (FGFS) (ulficontiguieu) faliar)
induced rowth facton (416 7 L
Target i, 5 Qury i, 51 =]
IR DB B

From within orthologue prediction find the human entry and click on
multicontigview to view long-range sequence conservation between
zebrafish and human.
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