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Focus Topics

* How do scientists find named genes and view
gene reports?

* How can scientists find information by starting
with functional concepts?

« How can scientists retrieve attributes of interest
from large datasets (custom reports)?

* How can scientists answer questions about large
numbers of genes”?

 How can disperse data be integrated to facilitate
access and expand the discovery space?

Purr
; T

----------

et



NCBI - organizing principles

» Data is organized by type into different
databases

« Databases are cross-linked

e |nterface to search across all databases
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Focus Topics

 How do scientists find named genes and
view gene reports?

* How can scientists find information by
starting with functional concepts?
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Find Annotated Genes Using Global Query

-~ . i R
- NCBI e Entrez, The Life Sciences Search Engine
E MAP PubMed | All Databases | Hurnan Genome | GenBank | Map Wiewer BLAST
Search across databases |interleukin AMD (human ar humans) | MM Help
105976 m PubMed: biomedical literature citations and abstracts 175 ﬁ Books: online books
25082 ﬂ PubMed Central: free, full text journal articles 417 j: OMIM: online Mendelian Inheritance in Man
7 m Site Search: NCBI web and FTP sites none % OMIA: Online Mendelian Inheritance in Anirnals
S . UniGene: gene-oriented clusters of transcript 5
8041 . Mucleotide: sequence database {includes GenBank) 126 ﬂ e ————
5280 -:-:a Protein: sequence database 1 t, CDD: conserved protein domain database
10 I" Genome: whole genome sequences 431 é 3D Domains: domains from Entrez Structure
144 -?_ Structure: three-dimensional macromolecular 941 [l-]._ UniSTS: markers and mapping data
structures
none 4 Tawonomy: arganisms in GenBank 7 aﬂ PopSet: population study data sets
) ) : A3 GEO Profiles: i d lecul bund
14 Iml SMP: single nucleotide polymorphism 266653 {0 Droﬁle:u iles: expression and molecular abundance
633 El; Gene: gene-centered information |Z|I 27 GED DataSets: experimental sets of GEC data
512 {7 HomoloGene: eukaryotic homalogy groups = none Cancer Chromosomes: cytogenetic databases
1 PubChem Compound: unique small molecule chemical 3 PubChem BioAssay: bioactivity screens of chemical
structures = substances =
PubChem Substance: deposited chemical substance GEMSAT: gene expression atlas of mouse central
51 records none nervous system
2 Genome Project: genome project information 2873 Wl Probe: sequence-specific reagents
u Journals: detailed information abou? the journals 90 % MeSH: detailed infarmation about FNLM's contralled
none indexed in PubMed and other Entrez databases - vocabulary =
MLM Catalog: catalog of books, journals, and
33 ﬁ audiovisuals in the MLM callections
- Result courts displayed in gray indicate one ar mare terms not found
o
| Counts in =ML | Entrez Wtilities | Disclaimer | Privacy statement | Accessibility |
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Query Gene

9 - My NCBI
d NCBI Entrez Gene e [Sign In] [Reaister]
Fubhied Mucleotide Frotein Genome Structure P Taxanomy Books Ol bt
Searn:hlGEﬂE | f-::rl ’EI Clear | Save Search

| Limits | Previewdndex | History | Clipboard | Details |

t 1
* flexible query support

* Query for term (gene symbol; phenotype)
— Unrestricted (search full record for any match)
— Restrict the query (search only symbols)

T

...........
,,,,,,,,,,,,



Gene: flexible query support

NCBI

All Databaszes

—— My NCBI
Entrez Gene S0 Reuisto
Fubhded Mucleatide Frotein GFenome Structure FMC T axonamy Books Oha I

Entrez Gene

Horme
About
Fan
Help

Gene Handbook

Downloads
(FTP}
Mailing Lists
Sene
RefSeq
Feedback
Help Desk

Corrections

About GeneRIFs

Related Sites
BLAST

Entrez Genome

Query: homeobox AND drosophila[organism]
bsh[Gene Name]
phenotype AND drosophila[organism]
GeneOntology AND drosophila[organism]

Use preview/index tab to explore different options

Fb, 1sotorm B
Clhromosome: 21 Location: 38A3-384A%
Genell}): 35266

[12: ©dsH
Ddz-site homeobox [Drosophila melanogasier]
Other Ahases: Dimel CG6352, CGEE52, OdsH[mel]
Other Designations: Ods-site homeobox CG6H352-PA
Cloromosome: X, Location: 16101-16103
GenelD: 32758

Links

[]3: Bx Links

Eetinal Homeobox [ Drosaphila melanagaster)
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Entrez Gene

 NCBI's Gene database is the most heavily
used db after PubMed (more than
nucleotide)

* Gene provides more links to other NCBI
databases than any other NCBI resource

* Gene provides more links to external
resources than any other NCBI resource
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Overview of Gene Data Flow

Jd < Collaborations
GenBank :|> Attributes - FTP
DB Entrez Links
v Smel'H'ed Links
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Entrez Gene

Species: 3,841
Content includes: Genes: 2,396,221

*Sequences (RefSeq & GenBank)

*Publications & GeneRIFs (References Into Function)
GO terms

Interactions & Pathways

Nomenclature (Symbols & Names)

Map location & Markers

Disease & Phenotype names

Links (related NCBI pages & international web sites)
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Gene <-> GMOD

 Genome annotation FlyBase

— Annotated reference sequence HGNC
— Gene-2-sequence associations I|\Q/I((33|I:)
* Gene attributes SGD
— Symbols & names; aliases TAIR
— Chromosome or genetic map data WormBase
— Phenotype

— Publications
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Focus Topics

 How can scientists retrieve attributes of
interest from large datasets (custom
reports)?
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Custom reports

 NCBI doesn’t currently have a web interface that
supports reporting attributes of interest from Gene, or
from more than one DB.

« Save data of interest sequentially and combine it
manually or via scripting:
— Full gene reports
— Map Viewer “Data as Table view” & Download

— Download sequence from Map Viewer, from nucleotide, from
protein

« Use scripting utilities to query and fetch. Use scripts to
build custom report.
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Annotation data”? Gene Table display

* |ntron/exon delineation, per annotated variant
« Use ‘Send to’ option to save as text/file

mEMN A bp exons Protein aa exons
MM_O01044645.1 596 4 MP_0010322110.1 123 4

Exon information:
MM 001044645.1 length: 596 bp, number of exons: 4
MP 001038110.1 length: 123 aa, number of exons: 4

ExON Coding EXON INTROM

coords length coords length coords length
1-100 100 bp 21 - 100 80 bp 101 - 254 184 bp
285 - 461 177 bp 285 - 461 177 bp 462 - 1618 1157 bp
1619 - 1696 78 bp 1619 - 1696 78 bp 1697 - 3119 1423 bp
2120 - 3360 241 bp 3120 - 3154 35 bp

Display (5ene Table vlghow 5 (% Sendto v
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Or - Map Viewer — Data as Table view

Gallies sallis {chicken) Build 2.1 BLAST Chicken Sequences
Data As Table View Dowmnload A

Eefieq Transcripts On Sequence Al Zecquence Iaps fest
Eegion Displayed: 870,500-8 78,200 bp DewnloadView Sequence Dewnload Data

Total Eefseq Transcopts On Chromosome: 213 [/ not localized)
Eefieq Transcripts in Eegion: 3

start  stop Arccession Locus o Links Align gquality Description
80999 572124 X 418185 2 HNDTUFAY + v proev BLink mm  identical  NADH dehydrogenase {ubiquinone)
B70999 B7100% exon + TTE 11bp

71010 B71060 exon + CDE 31bp

71061 B71168 mntron 108 bp

B71169 B71218 exon + CDE 30 bp

71219 B71328 mntron 110 bp

71329 71478 exon + CDE 130 bp

71479 B7177E mntron 200 bp

BI1779 B71E7S exon + CDE 97 bp

B71ET7E B72124 exon + TTE 249 bp

812990 876349 N 001044645 1 TWVA + v oproev BLink mm  poor Twa receptor
B72990 B7E00% exon + TTE 20bp

BE73010 273089 exon + CDE Bl bp

B73090 B73273 mntron 154 bp

B73274 73430 exon + CDE 177 bp

B73451 74607 mntron 1157 bp

AUARNKE RTAARS  awven + T TR b




Focus Topics

» How can scientists answer (functional)
questions about large numbers of genes?
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Via the web site

1. define a Gene query to select the gene set of

Interest

 As you define the query, use the History tab to retrieve a
previous query, or to combine queries

. Save final query definition in MyNCBI to use again later

2. follow calculated links to approach functional

guestions:
—  What conserved domains are found in a gene family?
—  What expression data is available in GEO Profiles?
—  What variation data is in dbSNP?
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Pre-calculated links
NCn] P — = i

Brief [Sinn In] [Renister]

|

All Databases ASN1 ‘rotein Structure T axonamy ooks ChaThd
AMIL - -
ophilajorganism] Clear | Save Search

zene Table | - [ ]
LI List iy T Cliphoard T Details 1
Link Ot
Books Links ]Sh':'“’|m v|Sendto |

Entrez Gene .

o g”ezifn”fﬁ"?k”gmam LMKS  Lres Genomes: 20 | SNP Geneview. 0

about GENSAT Links COne page.

Help

SED Profile Links

HomoloGene Links _
Mucleatide Links rosopkily melanogaster)

MIH cOMA clone links 1604, Beh, CG10604, ERBG lambdaERE
Lspectic homeobox CG10604-PA | 1soform A; bram-specific homeobox CG10604-

Links

CMIA Links
QI Links
BioAssay Links e J8A3-38A3
PMC Links
FProbe Links Links
Protein Links bhila melanogasior)
FubMed Links
. 452, CG6252, OdsH[mel]
- gh&mﬁﬁgenemﬂ Links e homeobox CG6352-PA
A0 GeneRIFs - s 16D1-16D3
BN Gt Gene Genatype Links l
Related Sit Taxanamy Links
SIAtEd SIEES LniGene Links Links
UniSTS Links .
‘trez GCename T B TV OOUR [ LT CoUEs cEte: P?Eé‘fﬂ?ﬂﬂgﬂ.ﬁ'ﬁé‘?‘]



Via programming

 NCBI e-utilities: run Entrez queries
(eSearch) and retrieve results (eFetch,
eLink) from your own scripts
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Entrez Programming Utilities
Tpdated: August 10, 2006

Entrez Programiming TTlities are tools that prowvide access to Entrez data outside of the regulaf web query interface and
may be helpful for retrieving search results for future use in another enwronment.

A ddiional information 15 available i the INCBI Boolishelf Short Courses Building Customazed Data Pipelines Using
the Entrez Programiming Utihities (eUtils) and the INCEI PowerS cripting course.

o User BEequirements: Please read for inportant information on scopting MBI servers.

o Elnfo: Prowvides field mdex term counts, last update, and avalable links for each database.

o ESearclh: Searches and retrieves primary [Ds (for use in EFetch, ELink, and ESummary) and termn translations and
optionally retains results for fture use in the user's environtment.

o« EPost: Posts afile contaring a list of primary IDs for future use in the user's enwrontment to use with subsequent
search strategies.

o ESwmanany: Eetreves document surnmaries from a st of pritnary IDs or from the user's environment.

o EFetch: Eetneves records in the requested format from a list of one of more primary IDs or from the user's
Envirornent.

o FLml:: Checks for the exstence of an external or Eelated Articles link from a st of one or more prirmary [Ds,
Eetrieves primmaty I1Ds and relevancy scores for inks to Entrez databases or Eelated Articles, creates a hyperhink to
the primary Link Cut provider for a specific ID and database, or lists Link Out TTELs and Attributes for multiple IDs.

o EGOuery: Prowides Entrez database counts in XML for a single search using Global Cuety.

o ESpell: Eetrieves spelling suggestions.




Focus Topics

 Many scientists work with several genome websites to
ansy?ver a research question. How does NCBI facilitate
this”

1.  Gene integrates information from other NCBI
databases and from external resources to centralize
information. Gene provides:

. cross-links between NCBI databases
. links to external data source

2. LinkOut: databases can submit LinkOuts to connect
their report pages to any Entrez database. Gene
reports available LinkOuts.
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All: 1 |Gene5 Genomes: 1 T SNP Geneview. 1

C1: CALM2 calmeodulin 2 (phosphorylase kinase, delta) [Gallus galfus] ) Entrez Gene Home

—w-w 2o | ) Extensive data integration

Gene type: protein coding b

Gene description: calmodulin 2 () . .

Reffen satus S All: 1| Genes Genomes: 1 T SMP Geneview: 1 Gnd nClVIQClTIOH SUppor‘ l
l_ -’ ] —

Limeage: Bukaryota; Metazoa, C)

ol e LA T LA 1 ) I WA, | 1 1 1

Gene aliases: CALM2

Genomic regions, tanserinf] - GENOMIC regions, transcripts, and products o &
(twinus strand) RefSeq below

- *“Y (minus strand) Refleq below

T P — HC _ 06090

i A 23472541 ] A 234E0TTE ]

Genomic context ) 5"

chromosome: 3 HH_20S005 | 1 " B B WP G90536

[ 23280226 pr = i

ol Bibliography Gene References into Function (GeneRIF):  Submit o &
Bibliography Publfed links H
Publed links GeneRTFs: 1 AiEwer ? .
?ﬁﬁime of muple cono 1. The presence of'multiplg conformatiops i5a physi;al property of cg]modu]jn (Cah-'f) and it 15 likely that the Publded
heterogenely of structure is at least | heterogeneity of structure is at least partially responsible for the promiscucus ability of Cald to recogmze diverse
targets

Interactions NCBI Reference Sequences (RefSeq)

Description ? .

Cca“;[""“"“ N v ;‘: mRNA Sequence M 205005

interacts with myosin 5 " "
ragosin V ¥ Source Sequence AF0E1672 nplex Source Pubs
NP_990336.1 HE Product MNP 990336 calnodulin 2 (phesphotylase kinase, delta)

eraction between bovine Calvl and chicken

General gene information C'onserved Domains (3) SUITHTIATY hla P Wiemer
GeneOntology cd00051: EFh; EF-hand, calcium binding maotif O bl 1 hd

ififfﬁi‘f.by . Eviden Location: 82 - 147 Blast Score: 175 BIND PubMed Frobe

calosum fon binding  IEA Location: 12 - 74 Blast Score: 170 2 @& RefSeq
General protein informatio Location: 48 - 111 Blast Score: 112 UniGene

Name: calmodulin 2 (phosphoryl UnisSTS

NCEBI Reference Sequence| Related Sequences

1RNA Sequence MM 205 |;| Feedback I

Sowrce Sequence AFD. - . 3
Prodnct 112 990536 ¢ Nucleotide Protein I Contact Help Desk
Conserved Domal II‘IRNA AF0816?2 A.A.CBlSOS . a S'.IblTllt CD[[EC‘HDH
n Y mRNA M36167  AAA4BES0 Evidence Viewer e
Locaton Hone 093410 KEGG
hdodelhdaker |;| Sub=criptions I
relnedSeauenees .| Additional Links ucsc RefSeq
ucleotide rotel
RN E . UniGens
i el e UniGene Gga 4454 i Gene
Mons Ol INKLIU hap Wiewer

Additional Links 2t +H Ertrez Gene Irfo

UniGene Gea 4454 +H Feedback

A Subscriptions




Gene links — increasing discovery space

PC
Compounds

Lirk=:1 |

Links:131 907

FopSed

547 145

Links:211 609

Links1 821 458

Links:1 703,277

N

Links: 707
—_—

Links: 75,008 / Links:233 652

Structure
Link=:1 221 287 Link=:95 545 )
r.—_-_—_—J ————
‘ Journals
Links:95 545 )
PC D
Substance Dromains

® 0000000

® o000

Links:1,111 650

® 00000

Links:2 563

@ 10000

*Links between
databases and
between records
within databases are
re-computed

daily

*Users can navigate

between records
based on these links

1000



* About interface design
* New design area
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Interface design — ask the users early

* What information do you want
* Wireframe design

» User interview presenting design (paper)
with scripted questions
— what information do you see reported,;
— where is information about ‘n’;
— what information do you get if you follow the
link;
* Refine design, re-survey (new) user group

4 7 d
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An Integrated Sequence Analysis Application
« Comparative Genome Analysis
« Data import, BLAST analysis, annotation
* Phylogenetic clustering
» Graphical synteny analysis
 Abllity to save projects
* Write your own local plug-ins
* Much more!

http://www.ncbi.nim.nih.gov/projects/gbench/
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Tntroduction www.ncbi.nim.nih.gov/projects/gbench/

* A robust sequence analysis application
 a stand-alone program
* Windows, Mac, and UNIX-based formats

 Integrates NCBI tools in one interface

— Entrez queries, mRNA to genomic alignments, BLAST
results, multiple sequence alignments, cross-alignments
and dot-matrix genome/chromosome comparisons

« Fully scalable (genome to individual nucleotides)
* Import your own data for analysis
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At LOX1 - from chromosome to base pair

NLEI Genome Workbencl

E-@ Untitled

8

a AT1GETIE0 (Arabidopsiz thal
@ AT3G22400 (Arabidopsis thal
@ AT1G72520 (Arabidopsis thal
a LOH2 (Arabidopsis thaliana) |
i ‘a L3 (Arabidopsis thaliana) (|
EI:I Window s

----- [ B: MC_D03070.5; Arabidopsis

[ -]

-~

D GG

B: NC_003070.5: Arabidopsis thaliana chromosome 1, complete gsequence... [LOX1 {Arabidopsis thaliana)] 0
ED,EZIS,EDD 20,530 K ZD,ESID,EDD 20,531 K 20,531,500 20,532 ZD,ESIE,EDD 20,533 K ZD,ESIS,EDD 20,534 K

. LK1 ' ‘
W 1043762 mRMNa-supported by cDMAs: qij269202|ghLO46 57 Ei|20260409 ib AN5033104], i -‘4 ?1233|ib BXid18359], ii 34098836|ib ET010355]; SUEiDr‘ted bi Ei.. ‘

MP_175900.1: LOX1; i nxygen’§ .
@ o -———)

Gene Level

EDJEEIEJDED ED,ESIE,EMEI ED,ESIEJEIEEI

eotide/pe

by bt et iyt
A bl b

o
¥

Nl
] > sl ¥
ehil ke ¥




Other views

B: NC_003070.5: 20529375-20533940 {+) {FastA Text View) [LOX1 {Arabidopsis thaliana)]

Fgi|42592200 [ref |[NC_003070.5]| Arabidopsis thaliana chromosome 1, complete sequence

ACACCATTCATARACACACACCGAGAGARALTCAGARATTARLTTAGLGAGAGAGCAGAGTGALTCALRD
CTTCALCTTCACCCARMLSGATCGTTC GGG CTTAGGCATCTGCTCACCGGL GECFGAARTEAGLCGAC
GACGALGADGETRALA LA CGET T TCTCAT GAL AL GALCGTCCTCGATTTCAACGATTTCALTCT
TCGTTTCTCGATCGTCTTCAT AT TICTCGEAALCAAALTCACTCTICGTCTTGTAAGCTCTGATGTTA
CTCATTCAGGTARALA CAAR A TCTCAACTITI TCALTTTCGAAATTTT TCAATTTTGTCTICTICGTIT
GTTCTTI TR T T T T AT T TG T T TAA T T TTCT I TTTGCGTICTCGAGT I TTTTITTTTCTTCCTACTAG
GTadd T TTTGT I T TAs TT T GTTCACGAT TATCAATATTTTIGTTAT T TTCTITTGTGCACTATAT
ATATCCTAATCCAT TACACATTTATTGCGAT T GGAATTALT GARACCAGALTGGTGCCTITTTITACTTG
TGAAGALGALLCA TGRS TT TG TATACGTATTTCTAATTATGT T AL ATTCHALLATC
AGTTTTCGTALTTGTTATGTTTTTTTGATCTAT GEARACTTCTICAGCAAGARAGCTTCEAATAATTITG
GCTTTTTTTTITCCTTCACTCTCAALSGGCCCALLARANA AL TATTCTCTCTGLALLLGACGATALATC

aAadxarxrTACOTCOTCCCCCOT T A TN AT ASTA ST T T A ATATTTTTT A ATTAATTAATITA R

5* Untitle

Ejvﬁndgws Nhi_001036115.1
D & MC_D03070.5; 205293752 [NM_001036116.1

NP _S64673.1
MP_009031192.1
NF_001031193.1
FOF1.5

Feature table T
(chromosome)

MP_175299.1

;-4 h_104376 .2

NF_ 1752001

AT E5E020

FASTA sequence

Or

Format to highlight CDS,

mRENA 205183,

mBEMNA 205183,
ChS Z05184...
Chs 205184. .
ChS Z05184...
Geane 205207 ..
mRMA 205207
Chs 205207 ..

ChS 205294, ..
Gene 205340...

205201...
205201...
205192,
205192
205192,
205210,
205210...
205210,

205338,
205354,

NM_00 2
N A _i000 )
NF_56 z
NF_00 2
NF_O0 z

1
NK_10, z
NF_17. 2

Lo
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«.

=] Multi-pane Cross Alignment View (Mixed sequence alignments, 15168 entries) [m]

g-g Unititled
- E-§ 1 asn (GE)

: ] Windoves
B windowes

----- 3 Mixed zequence alignments, 1

Multi-panel alignment view

121.645.857

100 kA

g0k

MC_000077.1: Mus musculus chromosome 11

K

20 M 40 A GO ad m 121,646,853
BALRNRERANRREANRALEE RARES RAREN LALLE RARLY RARLE LA RALLE ELELLE I

Component Map: 3 compaonents visible

1 PR RV U Y B P T TR ™ _....L“..L.MM

Landmark genes: 201 71512 total genes showh

1 ZEII I+ -’-1EII I EDI i BEII I+

121,648,553

S

40 M BO M 78,774,74

20 M

1

EEIIM 76,774,744

il f

ormponent Map: 10 cormponents visible

| el

|
andrmark genes: 201 £ 135354 total genes shown

MC_000017.9: Homo sapiens chromosome 17, complete T&gTEhTez

;f

“

\?

i
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Multiple alignment view

NLBI Genome Workbenc

R e e (T, nm oim 2

=] A: Mixed sequence alignments, 16 entries (Multiple Alignment View) [NP_188879.2] ()

|__—_|-! Untitled Description Mark... | Alighment Sery. ... I_
-G LOX1 (Arabidopsis thaliana) ( 750 ?SD ??D ?an ?90 anu 810 820 830 840 850 aau 70
-4 LOX2 (Arabidopsis thaliana) ( aRmaaEEER -ttt ERRRREEER
(- LOX3 (Arabidopsis thaliana) (| | NP_1588879.2 L] I-FIIINIﬂSnI-InnuNFGQYPYI:I_PNRPTVI?RNP—E‘YI’-E-’LKT-I!T-IIEI-SHSIDEIYLGQ—R-’HTIDI’-EQFI?FELIIE.I.?NID-<NRI3I GG6
B ? NP_188579.2 (58) BADSS111.1 B[] BOILTAMINIASGOHAR INFGOYPEGGYYPNRPTLLRKL IF=—0ETDPDYERFHRNPOESFLESLPTALOAT EvHAVEETL S THSPIEE YL BE CRERORHA=HEODEDY YK EF HKF SEEL¥K 1 EKTINERNEDEKLKHRTGA 335
. [ NP_188873.2 BAD349171 ] IGWWTTIAWYTSEHHARYHFGOYEYGCYFPHRPTT TR IRMF TEDPT DEALKEF ¥ESPERVEL KTRPSOB0AT LMMUTL DLL STHSPDEEY I GE ==00EAS =WANEFHET lifaF ERFKEKL OFL EGHI DERNENETLKNRACA 443
AAL3ZEEI ] IGWTTIAMWTSGHHARYHF GOYEYGGYEPNRPTTTRERHP TEDR
E :I Extra AAG52309.1 B0 BGILTAAINIASEEHAAINFGOYPRGGYIPNRP TLERKL TP =Gk Ta0 Th T Tal Ta0
----- 0O _ AAGIT1546.1 B[] wSYITTIINLASAGHARLNFGOYPYGGYYPNRPELMRRL IP ==DE | | | | |
l"_‘]\i\ﬂndows CAC19365.1 w0 IETETEIIHIASABHAAYNEGOYPYAGELPNRPTYSRRERF—EE T | 1 T T T T T T T T [ T T T T T T T 1T [T T T T [ TP T T T [ T TP T T Tt [ TrrT
[]._5 MP_175800.1 (38) CAC133641 B[] WSVITTIIWLASAGHARLHFCOYPYGEYYPNRPELHRRL IF==DE
o AAGOOEET L]
[}g HP_s364021.1 (36) ABFI73151 B[] YSILTTLIMLASAGHAALNEGOYRYGEYYPNRPELHRRLIF =18 I-TlI II-'-II|':|5|:|.'|I':|ﬁ'LI'HFGﬂTP?':._F'HEPTU'?HHF’*‘TEE.
E1-98 NP_176923.1 (GB) BABO1777.1 [ IETETHIIWIASABHARYHFGOYPYAGFLPNRP TYSRREMP =—EF
-8 NP_SB6875.1 (8) AAFTI461 1 B[] USILTTLIMLASAGHAALNFGOYFYGEYWPNRPPLARRL IF ==DE .ILT.IHIﬁE.‘IﬁﬁIHFGQITIF":G'T"UIF'HEF'TL.?.I F"*TD.Y.:.""'F
[ MP_195683.1 (GE) CABTZ1521 b0 IETT AW TSGRHARYNF GO Y EYGEYEPHRP TITR IRHPTEDR
-8 NP_177395.1 (08) CAB56632.1 w0 VEILTTLIHCASATHARLHF GOYPYCCYYPHRPELARRLTF —DE I'u"u'TTI'.-.I'u"a.-||';'||'3|'|_|'HFGQ'T"YGG'T'.:'HEPT.Q.-iP‘:IITD‘FE'
E]--é - (8) AAATET481 B0 IEWWTTIANWTSGHHARYNF GO EYGEYEPHRPTITR IRHPTEDR
E‘_:Nndo;s AAAZZEZTA »[0  VESETEIIHVASABHAAYNFCOYPEACYLPHRPTISRIRHF —kE I'l.l"l.l'TTI.J-III.I"S.'||':||':|II.I'HFGQT.YGGTFHEPT.E.‘iP.DITD‘FE'

- SOILTHAMINIASEOHARINFGOYPFGEYYPHRPTLEREL I P ==QE TP DY ERFHEHF
WEMITTI IMLASANHAALNFGOYPY GG YWPHRPELHRREL I P==DESTIFEF TSF IEDF
EI-! Lrtitled IETETII IMIASABHAAYHFGOYPYAGFLPMRP TYSRRFHF =—ERGTIE Y AELEE D
: . i L1 (Arabidopsis thalians) ¢ WEMITTI IHLASANHAALMFGOYPY GG Y YPHRPELMRRL I P ==DESDPEF TSF IEDF

! - LOX2 (Arabidopsis thaliana) ( WSILTTL IMLASAOHAALHF GOYPY GG WRFHRPPLHREL I P ==DESTIFE YESF ISHF
- LOXS (Arabidopsis thaliana) | IETET U1 IMIasalHAAYHFGOYPYEGFLPHRP TYSRRFHP —EPGTIE YAELEED]
Elﬂ MP_ 1855792 (GE) WSILTTLIMLASADHAALNFGOYPY GG YWPHRPELHREL I P==DESTIFEYASF TSHF

: "EI - IGWYTTIAWYTSGHHARYNF GO Y EYGEYEPMRP TTTR IRMF TEDR TOEALKEF ¥ESF

: - WSILTTLIMLASANHAALMFGOYPYGEYYPHRPELMRERL I P ==DESDPEYASF ISHF
=] Estra IEVTT 1 AWYTSEAHARYNF GO EYECYEPHRP TETR BRHF TEDF T DERLKEF FESH

R _ WESETI1 IMvasalHaayYHFGOYPIBG YLPHRPT I SROTHP —KENTPEF EELEKHF

W I | A (Multiple Alignment View) [NP_188879.2]
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