GenePalette

User Manual

Version 1.1



TABLE OF CONTENTS

NEW TO VERSION 1.1 oooiiiiiiiiiiiiiiessssss s s ssss s sss s s s s s s s s ss s s s s s s s s s s s s s s s s s nnnsnnnnnnnnnnnnnns v
CHAPTER 1: GENEPALETTE TUTORIALS.......oo s 1
Introduction 1
Tutorial 1: Reconstruction of a published reporter construct 1
Loading @ GeNBaNK SEQUEIICE .........cccuirieeiieitietietestesteiteesteeteestesteesseesseesseesseessesssesseesseessesssesssesssesseesseassesssesseensens 1
ChooSING ZENES t0 L0AA .....ccueiiiieiieiieiiee ettt ettt e et e st e e st e b e e ssessaesaeesseenseeneesseenseanseenseanseensenseesenn 2
ChooSINg flanKing DASE-PAILS......c.cccueeieriieriieiieeitesiereere et et eettes et et etessaessaesseesseassesssesseesseansesseesseenseenseansesssesseensens 2
Interacting with the 102ded SEQUENCE ........c.veetieriieiieie ettt ettt sttt e reesbeesessaesseesseenseenseenseessesseensens 4
The SEqUENCE DISPLAY -...neeuieiiieieieie ettt ettt ettt e st et e et es e e e st e sb e e bt ebeemeesmeesaeeeneanseenteenseeneeeneanean 4
The Markup DISPIAY .....ecueeieieieieie ettt ettt ettt ettt et e st e et e e et emteemeesaeesmeeeseeneeenteenseeneesneennean 4
The GraphiCal DISPLAY .......ceeeiiieieieet ettt et ettt et e e bt e st ese et e e et e eteebeeseeseeneansesesseabesaeeseeneanseneens 4
DIALA TADIES ...ttt ettt sttt a et e st e a et et ekt e bt ekt eheen e en s et et e ebe ekt bt eReeneeneen s et e eteebeeaeeneeneenneten 6
AddIng FEatures t0 @ SEQUEIICE .......coueiuiiuieeieiieiee ettt ettt et et e bttt ebe e st es s e ees b e tesseabeeseeseeneensesenseabesaeeseeneanseneens 6
ADOUL LIDTATIES ...ttt ettt b e a ettt s b e bt h e eh e eh e ea e a b et e bt e bt ebeesten b e b e nbeabesbeebeeneenneneens 8
AdAING LIDTATY FEATUTES ...c.veivieiiiieieieciieii ettt ettt e ste e e eaesetesteesseesbeesbeesseessesssesseesseessesssesssesssesseessensseessesseeses 8
Interacting With added FEAtUIES ........ccviiiieiiiiietieieee ettt eseeeste e beesbeesaesseesseesseesseasseessesssensens 8
Interacting with Features in the Graphical VIEW ..........ccccciiiiiiiiiieiiieiesieceee ettt nees 9
USING the MATKUP VIBW.....ocuiieiiiiieiieieeie sttt ettt sttt et et et e et e estessae st esseensesnsesneesseesseanseenseanseensesnsessnennees 10
Using the Graphical View to select sequence and create @ Markup VIEW ........ccoocvevieniieniiecienienieeeeeee e 10
Tutorial 2: Creating gel-shift oligos for a mammalian enhancer 14
Loading a Mammalian Gene: Symbols and Data SOUICES ..........cceeruieriieiiieieniertiee ettt eeens 14
Loading a mouse gene through GenBank ............cccoiiiiiiiiiiiiieee et 15
Loading a gene through ENSemDl...........cooiiiiiiiiee ettt sttt e e 16
Reconstruction of the Nkx2-5 distal @NNanCer ...........ccooieiiiiiiieiicese ettt 19
DESIZNING The OIIZ0S ...ttt ettt ettt ettt et e e teste st e ebeeaeeseeaeems e e e ebeebeeaeeneeneanseaseeeeeseeneeneensensenes 21
Tutorial 3: Working with Transcription Units 23
EXtractiNg @ CDINA . ..ciiiiieitieii ettt ettt et e st et e st e esbeesbesatesseeseesseesseassessaessesseesseessesssessaesseessesssesssesseenseensenns 23
Extracting Coding and NON-COAING SEQUENCES.........ccuerieriierrieriieeietrentiesteeteesessesseesseessesssesssesseesseessesseesseesseessenns 24
EXtracting DY NUIMDETS .....ccuveiiiiiiiecie ettt ettt et e st et e st e st esteenseessesssessaesseenseensesnsesnsesneenseenseensenns 25
Extracting by Gene BOUNUALIES ........ccccevuieiiieieiiesiieieerie ettt et ettt et e st et e satessaessaesseensesnsesnnesseesseenseensenns 25
Extracting by Graphical SELECLION ...........eecuiiiiiieiiei ettt ettt ettt et esae e tesaeesneesneesaeeeeens 25
Adding and MOIfYING trANSCIIPES. ....eetteiereieitieitiere ettt et ettt et et e st ee bt e beeneeeneesaeesseesseenseaneeeneeenseeneesneennean 25
CHAPTER 2:  GENBANK ACCESS......... s 29
Introduction 29
Getting to know the GenBank Parser 29
PATSING GOIES ....ouvieviieiiieieeie ettt ettt e st et et e teesteesaessee st enseensesaeesseaseanseanseassesssenssenseenseenseensesnsesneenseanseansenns 30
Selecting a POTtiON Of SEQUEIICE ......ccveivieriieiiieiieeie et et et et et eteeetesseesseeseensesnsesseesseenseeneesseenseanseensennsesseensens 31
Choosing upstream and dOWNSICAM TANZES ........eeueruieruieriienteeteeteetteeteenteeteeeeeseesseesseeseensesneesseesseensesneesseesseenseens 31
Loading the SElected SEQUEICE ... ... eiuieiieieeieeiieet ettt ettt ettt et e ettt e e bt et e e bt easeemteeseesaeeaeenaesmeesneesneenseenseens 33
Entrez query basics 33
Genome-specific tips for Entrez queries 34

i



Local storage of large sequences 35

SEEPS 10 STOTING A SCQUEIICE ....eeuveeuvieereeereereesteesteeseetesseeseeesseesseessesssesseesseesseessesssesssesseessesssesssesssesseesseessenssenssesssessens 35
Steps for installing sequence collections downloaded from Www.genepalette.org ..........cecvevuevverenenererveneenuennens 36
HOW t0 USE @ StOTE@U SEQUEIICE ... .eeuvieeiieeieeiieiieieeieeteeteettestte st esseeseestesseesseesseenseensesssesssesseesseensesnsesnsesseanseenseensenns 36
NOE 10 MAC DS USETS ...ttt ettt ettt ettt ettt et et st sae e be e st esaesaeesaeesaeemaeesteeaneeanesanenanenaeen 37
Using Local Sequence Off-Line 37
TIAEXINE GOIES ...ttt ettt ettt et et et et e e bt e s bt et e e aeemeesaeeea e e st enseameeemeeesee s e e s e enseenseentesneeeneeeneenneeteens 39
Searching Local COLLECTIONS .......cc.uiiuieiieiieie ettt ettt ettt e e e e et e s st e et e et emeesneesseenseenseenteeneeeneeaneas 39
CHAPTER 3: FEATURES AND FEATURE LIBRARIES.......... s 41
Introduction 41
Feature Basics 41
L L0 N O O Yo < PR SUSSRPST 41
Specifying a variable number of the SAME DASE .........ccueiiiiiiiiei s 41
Three Types of Feature 43
STMPLE FEALUTES .....vvieviiiiieeiie ettt eee et ette et e et e et e ebeeeateeasbeeesbeessseeesseesnseeenseesnseeasseesnseesnseesnsasansesanssesnseean 43
OLIGOLIST FEATUTES. ... eeuteiteiiteitiett ettt ettt b b ettt et she e s bt e bt eat e eat e e bt e sbe e b e e bt e beembeemtesaeesaeenbeenseenteans 43
COMPIEX FEALUTES ....vieeiiieiiiieeieeiiieete et e st eett e st e ettt e steeeteeeaeeesteeeseeestaeessseesseeanseeenseeanseesssaessseessseesnsassssesansesnnses 44
Feature Libraries 45
INCIUAEA LIDTATIES ..ottt ettt b e bt b et a et et e e bt sb e bt e aees et et et e st e e bt ebeebe et ennenee 45
The LiDIaries DIT@CLOTY ....eccvieiiiiiiieriieitieteeteetesteesteesteestestesteesseesseesseessesssasseesseessesssesssesssesseessesssesssesseesseessessenns 45
CTEALING LIDTATIES .....eeuvieiiieieiiesiieste et ettt e et et et eteeteetaessee s st eseensesseesseanseanseanseensessseasaesseenseensesnsesnsesnsenseanseanseans 46
AQAING 10 LIDIATIES .....evieniieniieiiieteeiesieete ettt et e st e st et eseeeseeestessaesseenseenseessesasessaesseenseensesseesseanseanseensennsennsenssesnees 46
Deleting frOmM LIDIATIES .....ccueectieiieieeieiieieeie e st ste st et e et et e st et e e et esseessessaessaenseesseensesssenseensesnsesnsesseesseenseansenns 46
Feature History 46
CHAPTER 4: INDEX OF MENU ITEMS ........ . 47
Introduction 47
The File Menu 47
New Sequence-> SEqUENCE ONLY .......ccciiriiiiiiie ettt et ettt e st e stee st esesssessaesseesseesseanseanseenseensesssesseesses 47
New Sequence-> GenBank Flat File...........ccoioiiiiiiiiiieieceeeee ettt sttt ensesnaessaesnees 47
OPEI SEQUETICE ...eeeviiiniieeiiieeite ettt et e et e e bt e ettt e bteeabeeebeesabeesabtesabeesabeeeabeeeabeesabeesabeesabeesabeesateesabeennteesabeennseesaseennnes 47
SAVE SEQUEIICE ....cneieneieiie ettt ettt ettt et et st e st e et e e et eae e ea e e ea e e e e emteemeeeseees e e st emseeasesmeesaeeeseeseanseenteenseeneenneas 47
SAVE SEQUEIICE AS ...ttt ettt ettt et et e st e st e et e e et eaeeea e e sat et e eateeaeeeseeese e st enseemsesmeesmeeeseenseanteenteeneenneeaneas 48
Export Graphical VIiew > EXPOIt GIF .........cccoiiiiiiiiiiiiiiiciieseee ettt ettt e ebeesaeeaesaeesreesaeesseenreens 48
Export Graphical VIiew -> EXPOIt POSESCIIPL.......ccuiiiiiiiiiicii ittt ettt ettt eeae e sreesveeseesaeesseesseenreens 48
Export Markup VIew => EXPOIt GIF.........cc.ooviiiiiiiiiiieiieie ittt ettt ettt ta e veesbeesaesaesasessnesseesseenreens 48
ADOUL GENEPAIEIEE ...t a et et ettt b e sb e bt et ea et et et st e e bt bt e st e e e ee 48
QUL ettt ettt bbbt a etk h e bt eh e a e et et e b bt eh e eh e e a e ea et e b e bt eh e e bt e heeh s ent et e be et e e bt e bt ent et enne e 48
The Edit Menu 48
(1] ) 2O U PP PTUPSTUTRPSRO 48
(7075720 2 | USSP 48
The Sequence Menu 49
RENAME SEQUEIICE ...ttt ettt ettt ettt e s te et e e et e a et eneees e et e e bt et e emtesneenseenseeneesmeesneesseenseenseens 49

il



Reverse COmMPIemMEnt SEQUEINCE. .......ievieieitierieeieeie e steerteeteetesttesteesteesbeessesssesseessaesseessesssesseesseessesssesseesseessesssenns 49
Extract TransScript CDNA SEQUEINCE........icciirieeiieriieieeteeteste st et eteeeeetesreesseesseessesssesssessaesseesseessesssesssesseessesssenns 49
TILIM SEQUEIICE .....eetieetieieeie et ste ettt et et e e ttestte st e seessesssesseesseesseenseanseessaessanseanseensesaseessenseenseenseensesnsesnnenseenseansenns 49
EXtract NON-Coding SEQUEIICE..........ceieriieiieieeiesiesiestteteesteeteseeesseeseenseassessaesseesseesseassesssesssessesnsesnsesssesseesseensenns 50
EXtract COQING SCQUEIICE ... eeuveeietieiieeteeeieeiteetteteeteeteestesseesseesseansesssesseasseasseanseassesssessaesseensaensesnsesnsesssesseenseansenns 50
The Feature Menu 51
AQA FRATUIE ...ttt ettt et et et e e e e et et e em et em e e eseeea e e esee st emeeemeeemeeeaee st anseenteenteeneeeneenneas 51
) 0 YT 110y PSSR 51
MOdify EXIStING FEATUIE ...c..eetiiiiiiiie ettt ettt st e bt et e bt et st e saeesbeenaeenteens 51
Include all Current FEatures i HISOTY ......c.oiuiriiiiiietieieieeee ettt ettt ettt et ne st e ee e ee 51
Add Feature FTOM HISTOTY .....o.eeiiiiitiitieeeiie ettt sttt et et e et e be e bt eb e e st emeensene e senbesbeebeeseeneeneennenes 51
The Libraries Menu 52
Add FEature from LIDIATY .......ccoiiiieiieiicieetestteteeie ettt et este et e esaesseeesaesseesseesseessasssesssesseessesssesssesssesseeseensenns 52
Add FEatUre t0 LIDTATY ......eouiiiiiiieiieieeie ettt ettt et et e e e st e e st e ssaesstesseenseenseensesssesseanseanseenseensenssenseesenn 52
Add t0 Library from HISTOTY ......ccvieiieiieieeie sttt ettt ettt et e e etestaesseeseenseensesseesseesseenseenseenseensesnsessnennees 52
MOdify @ LIDIary FEAtUIC.........ccouiiiiieiieiieieeieeeieete ettt ettt et e et e st et e s e saseesaesseenseensesnsesneesneenseenseenseans 52
Delete Feature from LADIATY .......c.oooiiiiiieiieieeeee ettt ettt ettt e bttt e te et e st e aeetesmeesneesneesaeenseans 52
RENAME @ LADIAIY...c.eeetieiiee ettt ettt ettt et e st e ea e et e e et em e e easeesee st enseeneeeteemeesneesneanseanseans 52
Create NeW Feature LIDIATY.........cociiiiiiiieeee ettt sttt ettt et e e et e s b et e e bt e aeetesneesneesneenseeneeens 52
L0ad FEAUTE LIDTATY ......eiieiieieiee ettt ettt et b et e st et et e be st e e bt eaeeneene e beabeebeeneeneeneensensenes 53
Cl0OSE FATUIE LADIAIY ...ceeiiiieiiitiee ettt st h ettt et e h e s bt e bt en e e bt ebeemtesatesaeesbeenaeenteans 53
SAVE FEATUIE LIDTATY AS ....ueiiiitiitiiteetiet ettt ettt ettt et e et et e te s bt e bt ebe e st eae e e enteebeebeeseeseeneenseaseeteaseeneeneeneansansens 53
The Transcript Menu 53
A TTANSCIIPE .eeuvieitieeteeteeteste st este et eteetteeteesteesseesseessesssesseesseesseasseasseasseassanseesseessesssesssessaesseessesssesssesssenseeseensenns 53
IMOQIEY TTANSCIIPL ..e.vtevieiieteeteetestt et et e et e ettesteesteesbeesbesssesseesseesseesseasseassaassesseasseassesssesssesseesseessesnsesssesssesseessensenns 53
CopY an EXIStING TTANSCIIPE ..euvievieiieieriiesiieiteeitesiestesteeteetesteseeesseesseesseessesseanseensesnsesssesssesseensesnsesnsesssesseensesnsenns 53
DICIELE TTANSCIIPL. . .e.vteutieteeteeiestesteesie et eteettesstesteesseasseesaesseesseesseenseanseesseaseanseanseensesssesssenseenseenseensesnsesnsesseensennsenns 53
The GenomeTools Menu 54
Entrez Nucleotide QUETY (INLIM) ......oouiiiieieeieeieet ettt sttt et ettt et et et eetessee s bt e teeteetesmeesneesneenseenseans 54
Search Local Genes by Gene SYMDOL........cc.oiiiiiiiiie ettt se et te e seenneas 54
RECAtAlOZ LLOCAL GEINES .....oeeeiieiieie ettt ettt ettt et et st esae e s et e bt et e eaeeesee st e st enseeseenseenseeneesneesneenseanseens 54
Reselect Genes from Previously Loaded ANNOLAtION ...........oeeiiiuirieieieieeie ettt 54
Reselect Sequence from Last ENtrez QUETY.....c...oiiiiiiiiiiiiiii ettt st st ens 54
Save GenBank Records and Sequences t0 DISK ........ccovieriiiiiiiiiieeieiieieee ettt 55
The Window Menu 55

v



New to Version 1.1

Since the release of version 1.04 of GenePalette in June, 20002, we have
made many changes. The software is improved in so many ways that we decided it
deserved its own tenth. So, here is a list of the major changes introduced with
version 1.1 of GenePalette:

¢ Improved speed of access to fragments of large contigs — human/mouse data
is accessed at least 10 times faster!

¢ Added the ability to import gene annotation from Ensembl with our new
GenBank format importer

¢ New space saving layout that is more friendly to smaller screens

¢ Postscript output of Graphical and Markup views allows users to edit their
images in graphics packages such as Adobe Illustrator

¢ Enhanced support for access to local sequences — you can search your local
genome collections by gene-symbol

¢ Improved organization of local sequences — curate your local GenBank
directory by storing collections in their own sub-directory

¢ New clickability functions allows enhanced connectivity between interface
elements



CHAPTER 1: GenePalette
Tutorials

Introduction

This chapter contains several tutorials that will guide the user through the
operation of GenePalette. The first tutorial will give the user the bare-minimum
knowledge of how to use the program. The later tutorials will expand on the
fundamentals to demonstrate some of the more complex abilities of GenePalette.

In these tutorials, we will take you step-by-step through the use of the program:
Program components (menu’s, buttons, sliders, etc ) are shown in Bold text.
Actions that you should perform in the program are Underlined.

Tutorial 1: Reconstruction of a published reporter construct

When studying enhancers, it is common to want to understand how a
published reporter fragment was constructed. Although it appears trivial, this
process can be quite time-consuming and difficult to accomplish. However, using
GenePalette, this task is executed quite easily. In this example, the genomic region
surrounding a gene of the Enhancer of Split Complex of Drosophila melanogaster
will be loaded and viewed with respect to a published upstream enhancer. We will
use this loaded sequence to highlight the basic features of GenePalette.

Loading a GenBank Sequence
e A copy of the sequence downloaded from GenBank is included in the
Sequences directory under the main GenePalette directory. If you are not
connected to the internet when doing the tutorial, you can go to the File
menu and select Open Sequence. Select the file named tutorial.seq.
e For a tutorial about constructing effective Entrez queries, look at the “Entrez
Help” section featured at www.ncbi.nlm.nih.gov/Entrez/.
e Chapter 2 will provide some helpful hints about finding genome sequence
for genes in specific organisms.
To load a sequence from GenBank, you first must go to the GenomeTools menu,
and select the menu-item Entrez Nucleotide Query (NLM). Clicking this menu
item brings up a dialog that asks for an Entrez Query. The text that is entered into
the dialog will be sent directly as a nucleotide search to the National Library of



http://www.ncbi.nlm.nih.gov/Entrez/

of Medicine’s Entrez server. To load a gene in any sequenced genome, one must
know how that gene is referred to in genome annotations. The gene that will be
loaded for this exercise is called Enhancer of Split (E(spl)) my. However, in the
annotated fly genome, it appears as HLHmgamma. For the Drosophila genome,
one can consult FlyBase (www.flybase.org) for the official gene symbol, and in
most cases, that symbol will be used in GenBank as well.

To access the genomic region surrounding E(spl) my, type hlhmgamma into the
Entrez Query dialog box. and hit OK. A loading dialog appears on screen to
update how many sequence matches were found. Once all of the matching
sequences are loaded, a selection dialog appears that gives the one-line description
for each sequence. If you typed the same query (hlhmgamma) into an Entrez
nucleotide search using a web-browser (www.ncbi.nlm.nih.gov/Entrez/), you
would get the same sequences that appear in the sequence selection dialog. The
Drosophila genome has been broken into several “scaffolds” or “sections” of ~
250KB in size. The relatively small size of these scaffolds makes these sequences
useful for quick searches using GenePalette. Click on the checkbox next to the
description line labeled “Drosophila melanogaster chromosome 3R, section 92 of
118 of ....”, and hit OK.

Choosing genes to load

Once the sequence has been selected, a loading dialog appears, giving a
running update of how many genes associated with the sequence have been loaded.
When all of the genes are loaded, the gene annotation data is presented in a
selection table. If there is an exact match between a gene name on the table and the
first word of the query, the line containing that gene will be highlighted (As is the
case in our example). To select a gene from this sequence, click the checkbox in
the leftmost column of the table. For this example, we will check HLHmgamma,
and the two neighboring genes on either side: Nfl and HLHmdelta which are
before HLHmgamma on the table, and also HLHmbeta and malpha, which appear
below HLHmgamma on the gene selection table. After clicking their checkboxes,
hit the OK button.

Choosing flanking base-pairs

The next dialog to appear is used to select the upstream and downstream
flanking bases that will be downloaded. The dialog consists of two slider bars, the
first is used to specify the number of bases upstream of the first gene selected, and
the second specifies the number of bases downstream of the last gene selected on
the sequence. The default value is set to take the maximum length of intergenic
region up to the first base of the next transcript in both directions. In the current
dialog, hitting the OK button would result in taking 1716 bp upstream of the first
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8 Exploration Query

Enter an Entrez QI.IEI'yI
[hihmgamma ]

Figure 1. Downloading a sequence
from GenBank using an Entrez
Query. An Entrez Query is entered
into the Query Dialog, and resulting

e Choose a Sequence to Explore
Select | Source Description Gi#
= Local Drosophila melanogaster chromosome 3R, complete ... 203493...
=) Remote  Drosophila melanogaster Eispl) region transcript mga... 246502...
™ R D hil | chr 3R, section 92.., 231723...
m| Remote  Drosophila melanogaster E(splireglon transcript mga... 7228092
] Remote  Drosophila hydei E(spliregion transcript mdelta and E... 7228082

{ Cancel ) @

sequences that match the query are
presented in a sequnce selection
dialog. Once the desired sequence
is selected, the genes encoded in
the GenBank record are parsed, and
put into a table where genes can be
selected. Next, the range to grab
upstream of the first gene and
downstream of the last gene must
be specified, with the default being
the complete intergenic region. The
whole stretch of DNA is then
downloaded to the GenePalette
main window.

|

[ Hele Choose Genes to Load (5] Choose Genes 1o Load
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gene (Nf1), and 3346 bp downstream of the last gene (malpha) selected. The
minimum value that can be specified by this dialog is no sequence upstream or
downstream of the selected genes. In this exercise, it doesn’t really matter, since
we are generously grabbing a two-gene radius around my: go ahead and hit OK to
take the complete upstream and downstream intergenic regions.

Interacting with the loaded sequence

After the OK button is pressed, a progress dialog appears that notifies you of
download progress. After the download, the sequence data is loaded into the main
window, and you can begin to navigate and use the sequence. First note the
anatomy of the loaded window. There are four main areas that are separated by
resizable dividers (Figure 2). Experiment with resizing the divider spacing.

The Sequence Display

The top area of the loaded GenePalette window contains the nucleotide sequence,
along with information about the sequence. As you select portions of the sequence,
data about your selection is reported in the data panel above. You will also notice
that a box will appear in the graphical view that shows what you have selected.
Select some part of the sequence to try this feature out. Note that you can copy
portions of the sequence from this text area.

The Markup Display

The markup view is the next area of the main window, and is initially a
blank panel. Later during the session we will be using this area to view features at
the nucleotide sequence level. Upon user interaction with the graphical display,
regions are displayed with features highlighted on the sequence.

The Graphical Display

The third main area contains a graphical representation of the sequence. The
top panels contain data about this graphical view: the base-pair:pixel ratio, a slider
bar that allows you to adjust the ratio, a scale bar, and a legend panel that will
indicate what each symbol means as we start adding features to this sequence.
Move the slider to see how the base pair : pixel ratio affects the graphical view.
The main part of the graphical display is the graphical representation itself
(Graphical View). Note how you can move the scroll bars up/down and left/right
to scroll to parts of the sequence that you want to see. Genes appear in the
graphical view as boxes. The direction of transcription can be seen by both the
direction of the arrow that comes out of the box (arrow pointing right is on the top
strand, arrow pointing left is on the bottom strand). The colored boxes represent
coding portions of exons, and the white boxes represent non-coding exon portions.




It is important to observe that the gene Nfl has three splice variants annotated. One
variant is displayed on the line that represents the DNA sequence, while the other

two variants are placed above the first. Use the scroll bars on the left and bottom of
the graphical view to look at the three alternate transcripts of Nfl. Can you tell

what differences exist between the alternates?

Notice that when you click on an exon in this view, several things happen.
First, the clicked exon 1s highlighted in red. Second, the exon will be highlighted in
the bottom area, which holds annotation data. Finally, the range of sequence
represented by the box you clicked will be highlighted in the sequence display. If
you click on a white box, you will select sequence that is in an untranslated region.

866 hihmgamma (Unsaved)

File Edit Sequence Feature Libraries Transcript GenomeTools Window
Name: hihmgamma

Length 133429 Current(bp): 33248

Start(bp): 33430 End(bp): 33430 Selected(bp) 0

32852 AAATAGATTTCTCTCAGACAGCAGACAACAAAAATTTGCCTTCOAGAAGOTAAGCATACATT TAAAAGCCCACTTTTAGATAC
33035 CCTTTCTTAGACAAAAACAAATTTCTTTGCTCTTCATATACAATGTATTTTTAAAACAAAATTTAATTATATATACAATTTTA
33118 ATATATGGTGTGATACGTATAGCCTGCATAAATTATTAGTGTAAATGTAATCTGTAAAATCTCACATATAAGCAACAATCTAA m
33201 CCAACATATAATCATAATAAGTATACCCTCTTTAAGGGTATAAACACAGTTCCTATTCGAAACAGTGCCAGTATCTTGTAGAA &
33284 CTTCGTAGACCGCATAAACGAGTTTTTGTTTTGGTCCGCCGATAAGAAGCCGCTCTTATCAGCACTCTATAACTGATATACTA | v
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Figure 2. A GenePalette frame which has just loaded the 5 genes Nf1, HLHmdelta,
HLHmgamma, and HLHmbeta, and malpha. The four main areas of the frame are separated
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If you click on a colored box, you will select sequence that is in the coding region
of an exon. If an exon is entirely coding or non-coding, you will select the
sequence that spans the whole exon. Click on both coding and non-coding exons in
the graphical display to get a feel for how the other components react to this
display. Make sure to click on different exons of Nfl so you can really see how
exons are selected in the data table.

Data Tables

The final area of the main GenePalette window is split vertically into two
panels. The rightmost panel is currently empty, but will soon contain data about
features that will be added to the sequence. The leftmost panel contains data about
the genes that currently reside on the sequence. Each transcript has an entry in the
Combo-Box at the top of the panel, labeled with the name of the gene (And the
number of alternate transcripts in parentheses as in Nfl). To access different
transcripts, simply click on the combo-box and highlight the gene you want to see.
Directly under the combo-box, there is data about the gene unit (product name,
gene orientation, and a range that specifies where coding sequence starts and ends).
The final component of this top region is a Combo-Box that designates the color of
the gene. Experiment with changing the transcript color and note how this changes
the color in the graphical display.

The bottom portion of each transcript’s data panel contains a table of all the
exons. When you click on a row in the exon table, the exon is boxed in the
graphical view. So that you can see how exons overlap, the box is drawn to be as
tall as the tallest overlapping exon. For example, clicking on any of the first 17
exons of the blue Nfl transcript will give a box that surrounds all three transcripts.
However, if you click on Exon 18, the box will only surround the first two
transcripts. Click on the rows in the exon tables of Nfl to see how exon-boxing
works. Now that we are comfortable with the basic sequence operations of the
main window, it is time to explore the regulatory sequence of the gene E(Spl) my.

Adding Features to a Sequence

In this section we will add some features to the sequence we have loaded.
Features are defined as any sequence element that can be described by sequence
identity. These would include transcription factor binding sites, primer sequences,
restriction enzyme sites, SNPs, mRNA regulatory motifs, or anything else you can



think of. In Nellesen et al., 1999", the cloning of an enhancer element upstream of
E(Spl) mywas described:

my. From a 2.1-kb HindlIII fragment containing my (Delidakis

and Artavanis-Tsakonas, 1992), a 1243-bp Ec/13611-Hind III fragment
was subcloned into CaSpeRlacZ (CZmy1.2). A 234-bp Kpnl—

Xbal fragment containing the my enhancer was cloned directly

into HZCaSpeRlacZ (HZmgKX .
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Using the restriction library that is packaged with GenePalette, and a special
library created for this tutorial, we can visualize the creation of this enhancer, and
easily understand its makeup.

About Libraries

Because the addition of features is such a routine operation in GenePalette,
we have created a system of Feature Libraries to store profiles for commonly
added features. GenePalette comes with a restriction library of 208 enzymes.
Additionally, we have included a tutorial library for the purposes of this exercise.
We have not included a library of commonly used transcription factor binding sites
because there are so many ways to interpret binding data such that we feel it is up
to the user to compile libraries of sites that they believe in.

When the GenePalette application is started, all library files contained in the
Libraries directory under the main application directory are loaded into the library
management system. User libraries that are not contained in this directory can be
loaded manually.

Adding Library Features

To add a feature from a library to a sequence, go to the Libraries menu, and
click Add Feature from Library. Find the Hind 111 feature in the Restriction
Library, and click the checkbox in the leftmost column of the table. Then click OK.

Interacting with added Features

The Hind 111 sites will show up on the graphical view as vertical lines above
and below the sequence, terminated with a symbol that designates what feature it
is. The feature appears both above and below the line because Hind Il sites are
palindromic: there is a match on both the top and bottom strands. Observe how
there are Hind 111 sites flanking my in a ~2.0 kb chunk, as described by Nellesen et
al., 1999. A panel containing data for the Hind 11l feature appears in the lower
right-hand corner of the window. There you can find data about the feature as well
as well as modify the appearance of the feature. Use the shape combo-box to
select a differently shaped symbol for the feature. Use the color combo-box to
change the color of the feature. Not only can you choose between different shapes,
but you can also set the symbol to be a letter, or word. Select the Text Symbol
option from the shape combo box, and write anything you want in the subsequent
dialog that appears (like ‘H’ or something). Notice how these changes to the
feature symbol change the graphical display. Below the shape manipulation portion
of the feature panel there is a table of all of the sites that match the feature. If you
click a row in this table, the graphical view will become centered on the site whose
row you clicked, and a red arrow will appear under the clicked site. If you click in




the leftmost column of this table, the match whose row you clicked will be hidden
in the graphical view. Experiment with clicking rows and checkboxes of the
feature table for Hind I11.
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Interacting with Features in the Graphical View

Another way to access and visualize features is through the graphical view.
When you click on a feature present in the sequence three things happen in the
main window: (1) A red arrow is displayed under the feature in the graphical view,
(2) 50bp upstream and downstream of the site is loaded into the markup view, and
(3) the row for that site is highlighted in the data table (Figure 3). The red arrow
serves as a place marker to remind you what region is presented in the markup
view. The selection of the feature table row serves as a convenient way to see what
the sequence of the match is, and to quickly hide unwanted matches to the feature
consensus. The markup view allows you to see the consensus match in the context



of surrounding sequence. Click on a Hind 11 site in the Graphical View to
generate a Markup view of the site.

Using the Markup View

Clicking on a feature in the Graphical View causes the sequence flanking
that feature to be loaded into the Markup View. This view provides a convenient
way to examine features at the nucleotide sequence level. Notice that each feature
occurring in the view appears as a box around the matched sequence. The feature
name and position of the match start are displayed as a label to the box. Click on
the label to the Hind 111 boxes that appear in the markup view. This results in a
repositioning of the red arrow, as well as highlighting the match’s row in the
Feature Table. Click on any base in the Markup View. This results in a
repositioning of the arrow, and selection of that base in the Sequence Display.
Another feature of the markup view is that it relates information about the genes
that are annotated on the sequence. DNA that is not associated with a transcription
unit appears in the markup view as black letters. DNA that encodes a non-coding
region of a transcription unit appears as white letters on a gray background for the
strand upon which the gene resides. Bases that code for a protein portion of a
transcript appear as the same color as the coding exons of that transcript.

Using the Graphical View to select sequence and create a Markup View

Another way to activate the markup view for a region is to drag out a box of
sequence in the graphical view. This operation will generate a Markup View of
the boxed region, and will select the boxed sequence in the Sequence Display.
Press the mouse button in the graphical view and drag the mouse across a region of
the sequence. Experiment with generating a markup view, and using it to see
features and transcription unit details. When you box a region that overlaps an
exon that is not on the line of the DNA, that “off the line”” exon will be annotated
in the Markup View. When you drag out a box that will cover more than 5kb, a
Markup View is not generated, and instead a button is presented that allows you to
see the Markup View. The reason for suppressing this view in large sequences is
that it can take a long time to generate the view, and there is a cost in speed to
maintain such a large Markup View.

Adding a New Feature to the Sequence

Now that we have added Hind 111 sites to the sequence, we can see how a 2.1
kb Hind 111 fragment could encompass the my transcription unit. The next step that
was done was to take a 1.2 kb Ec/136 II-Hind 111 fragment from the 2.1 kb Hind 111
fragment. Unfortunately our GenePalette restriction library does not include this
site, so we are going to have to look it up and add it directly to the sequence. Go to
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the Feature menu, and select Add Feature. Type Ecl136 II into the field labeled
Feature Name, and type GAGCTC into the field labeled Feature Consensus. If
you are already attached to the idea of using text symbols for features in the
graphical view, you can type some text into the Symbol Text field (‘Ecl’ or
something). The notes field is optional, so you don’t have to worry about putting
anything into it. Click OK in the dialog, and you can see that there is an Ec/136 11
site right between the two Hind 111 sites. If you drag a box between the upstream
Hind 111 and Ec/136 11 sites, you can see that this distance is ~1240 bp by looking
at the Selected (bp) data field in the top portion of the sequence display.

If you really want to save the Ec/136 II site, go to the Libraries Menu, and
click Add to Library from History. From this menu item, you can add any site
that has been added to a sequence during the session to a library. Choose the
Ecl136 11 site, and then choose a library to add it to.

(S) Add a Feature
~ Feature Name

Feature Consensus:

Symbol Text
Notes:

_| Allow Mismatches?

’ Simple Feature l OligoList Feature I Complex Feature
IUPAC Nucleic Acid Code:

R=AorG Y=Corl

M=CorA K=Tor G

W=Aor1 S=Cor G

B=CTG(Not A) D=ATG(NotC)
H=ATUN0G) V=ACGNoT)

N=ACTG

N{min max} denotes multiples of a single nucleotide type

Example: AAAT (0.2} AAA will match AAAAAA, AAATAAA, or AAATTAAA

Figure 5. Dialog for adding a feature directly to a sequence.
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Trimming a Sequence

Now that we have a specific region of my that we are interested in, it would
be nice to narrow our search so that we can focus on this gene. To do this, select a
box which includes both the my locus and the Hind 111/Ec/136 11 fragment. Go to
the Sequence menu, and select Trim Sequence to Graphical Selection via the
Trim Sequence sub-menu. A new GenePalette window is created which contains
just the sequence that was selected in the box. The old window is also still there in
case you wanted to use it (You will want to keep this window around for the third
tutorial).

Completing the enhancer analysis of my

The enhancer described by Nellesen et al. was contained in a Kpn 1/Xba 1
subfragment. Add Kpn 1 and Xba I from the restriction library, just as we have
done for Hind 111. Finally you can see the small piece of DNA that was used for the
my reporter gene. As described in the text, this fragment contains binding sites for
both Pro-Neural basic Helix-Loop-Helix (b HLH) activators and a transcription
factor Suppressor of Hairless (Su(H)). Included in the Tutorial Library are
binding site consensuses for these two (labeled “Su(H)” and “PN E BOX™ ). Add
these features from the tutorial library to the sequence: go to the Libraries menu,
and click the Add Feature From Library menu-item. You can add multiple
features from multiple libraries at the same time by clicking them. Now you can
see that the Xba I/Kpn 1 enhancer fragment contains two high affinity binding sites
for Su(H) and two binding sites for Pro-neural bHLH activators (there are 3 in the
display, but if you look closely, one site is a semi-palindromic match).

Exporting Images of the current view

GenePalette allows you to export images of both the graphical display and
the markup view in GIF or PostScript format (Figure 6). The two available formats
were selected to cover the wide range of uses for an output image. The GIF image
can be a great way to quickly demonstrate a genomic feature for a lab-meeting
presentation, or something to email to a collaborator. The Postscript image is
extremely useful for custom-editing your image for presentations, posters, or even
publication purposes. The PostScript format produced by GenePalette can be
opened in graphical editors such as Adobe Illustrator, and every object in the
image can be modified. From the File menu, click on Export Graphical View and
select from Export GIF or Export Postscript. Supply a filename for your image.
The file selection dialog always starts in a directory called Images under the main
application directory. This is a convenient place to keep images created by
GenePalette. Open the image you exported in a graphical program to make sure it
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worked. To export the markup view of the Xba I/Kpn I enhancer fragment, the first
thing to do is to drag out a selection box surrounding the Xba I and Kpn I sites.
This will create a markup view of the boxed region. Once the desired section is
marked up, go to the File menu, and click the Export Markup View submenu,
select from Export GIF or Export Postscript, and choose a file to export. Figure
6 shows what both GIF images look like. This concludes the first tutorial. The next
tutorial will highlight other main features of GenePalette, using the first sequence

loaded (Nfl — ma).

1000 bp
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ATTGTGTG GCC GCGAGACGTTTAAGGGTACGGGTACCGGCACCGOTACGAG

Xba I(BZ7) PN E BOX(E38)
PN E BOX(901) uCH)(918)

886 GGCTGC IGCGG%EEEETEhG(GAGTCG CCGAGTAGGAAAGTG TCCT
CCOACCAAMAACGCCCOTCCACTCGOTCAGCTACACTCTTTGLCTCATCCTTTCAC AGGA
SuCH)(943)

956 GGCAGCGATCCTGCTCCCTGGCCCGTTTGATAAGGGTGCCGGLLCCAACAATAAGAAATCGCCCGAACAA
CCGTCGCTAGGACGAGGGACCGOGCAAACTATTCCCACGGCCCCOGLTTGTTATTCTTTAGCGGGCTTGTT

Tph I(1856)
1826 TAAGGAGCGGTCTCAAGAAGCGGAAGGGTOLGTACCGAG
ATTCCTCGCCAGAGTTCTTCOCCTTCCCAGE CATGOICTC

Kpn I(1056)

Figure 6. GIFs exported from GenePalette showing the graphical view of the my transcription
unit, and the marked up view of the Xba I/Kpn | enhancer fragment
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Tutorial 2: Creating gel-shift oligos for a mammalian enhancer

One typical operation when investigating the regulation of an enhancer is to
create oligonucleotides that span predicted binding sites for use in an
electrophoretic mobility shift assay. The high level of interconnectivity between
the interface components of GenePalette makes it a natural for this task. In this
tutorial example, we will use GenePalette to access a well-studied enhancer of the
mammalian Nkx2-5 gene, and create oligos to test some GATA binding sites.
During this tutorial, the user will learn how to access mammalian genome
sequences through both GenBank and Ensembl. Also the user will learn how to
precisely use the integrated interface to traverse from graphical representation to
primary sequence.

e A copy of the sequence downloaded from GenBank is included in the
Sequences directory under the main GenePalette directory. If you are not
connected to the internet when doing the tutorial, you can go to the File
menu and select Open Sequence. Select the file named tutorial2.seq

e Detailed information on accessing mammalian genomes will be covered in
Chapter 2

Loading a Mammalian Gene: Symbols and Data Sources

When using GenePalette, it is very important to know the acknowledged
symbol of the gene of interest. For mammalian genomes, the best way to find a
gene symbol as it will appear in GenBank is to search for your gene in LocusLink
at NCBI (http://www.ncbi.nlm.nih.gov/LocusLink/) (Figure 7). In our case, we will
be looking at the gene Nkx2-5, which is the same symbol that is used in GenBank
records.

There are two options for loading in sequence and annotations. In the first
tutorial, we learned how to load sequence in from GenBank. The alternate route is
to load your sequence from an external source that can output a GenBank Flat File,
such as Ensembl (http://www.ensembl.org/). As you get used to GenePalette, you
will find that each option has its strengths and weaknesses. GenBank can be slow
to access, but you might find that you like the annotation better. Ensembl is fast,
and sometimes it has better annotation, but symbols are referenced by long gene
identifiers like “ENSMUSG00000015579”. For the sake of completeness, we will
look at both the GenBank and Ensembl version of the sequence.
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Figure 7. LocusLink query at NCBI is the best way to find the accepted symbol for a
gene, as well as what chromosome it is on.

Loading a mouse gene through GenBank

To load the Nkx2-5 gene through GenBank, click on Entrez Nucleotide
Query from the GenomeTools menu. Type “nkx2-5 contig” into the
Entrez query dialog. We added the word “contig” to the end of our Entrez query
because this is an easy way to narrow our search to the genomic contig sequences
we want to use. At the time of writing, the “nkx2-5” Entrez search yields two
records: a mouse genomic contig on chromosome 17, and a human genomic contig
on chromosome 5, consistent with the chromosomal positions seen in Fig 7. Select
the sequence that is titled “Mus Musculus chromosome 17 contig...” by clicking
the checkbox in the leftmost column of the selection table. The program loads
genes on this mouse sequence in exactly the same way that the fly my region was
loaded. However, you will probably notice that the process takes longer than it did
for the Drosophila sequence. This happens because there are ~10 times as many
genes on the mouse contig than there are on the fly genomic section, and so a lot
more data must be downloaded by GenePalette to completely describe the contig.
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Once the genes are loaded, the gene selection table automatically highlights
the row containing the Nkx2-5 gene (because it was the first word of the Entrez
Query we used). Click the checkbox for Nkx2-5, and one gene upstream and
downstream. Select the maximum range for upstream and downstream sequences
(just click OK in the range selection dialog). The nucleotide sequence of the
selected region is then downloaded, and a new GenePalette window 1s generated.
In the next section, we will go through the same process using the Ensembl
database.

Loading a gene through Ensembl

Ensembl (http://www.ensembl.org) is a popular annotation database of
particular utility to mammalian genome users. In many instances the annotation by
Ensembl is ahead of the annotation used at GenBank. When designing the external
compatibilities for GenePalette, we placed highest priority on a system that would
support as many genomes as possible. For most purposes, GenBank seemed to be
the very best option: one can query by gene name/symbol, GenBank offers access
to all public genomes (including bacterial, viral and yeast), and it is all provided
through a single location (Entrez Nucleotides) with a single format (the GenBank
Flat File). Neither Ensembl, nor the Distributed Annotation System (DAS) seemed
to meet these pivotal criteria. However, a helpful GenePalette user mentioned that
Ensembl can export regional annotations in GenBank Flat File format.

To load Nkx2-5 from the Ensembl database (Figs 8 — 9), go to the Ensembl
website (http://www.ensembl.org) using your favorite web browser. Type “nkx2-
5” into the search text field (Fig 8). Next, a list of all matching entries in the
database will be shown (Fig 8). The lists are given in alphabetical order by
organism. Go down to the matches from within the Mus musculus Gene Index.
Click on the hyperlink labeled ENSMUSG00000015579. You will now be taken to
a page GeneView page for the mouse Nkx2-5 gene (Fig 8). Go to the bottom row
of the Ensembl Gene Report Table and click the hyperlink marked “Export gene
data in EMBL, GenBank, or FASTA. This hyperlink brings you to the ExportView
page (Fig 9) that allows you to customize a regional export. The ID field in this
web form is already filled in with the gene ID (ENSMUSG00000015579). Just
below the ID field, is a text-field that allows you to designate the flanking base-
pairs to download. Enter 200000 into the “Show context of:....” field. In the
middle of the page, are a bunch of export options. Select Export as GenBank, and
in the checkboxes below, check the box for Gene Information. Once these fields
are filled in, click the Export button. A new page is brought up that contains a
GenBank flat file of the 20kb upstream and downstream of Nkx2-5 (Fig 9). Copy
the whole GenBank flat file into your copy buffer, and then go to the File menu in
GenePalette, click on the New Sequence submenu, and select the GenBank Flat
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Homo sapiens ENSG00000183072 (NKX2-5)
HOMEOBOX PROTEIN NKX-2.5 6 MEOBOX PROTEIN NK-2 HOMOLOG E) (CARDIAC-
SPECIFIC HOMEOBOX) (HOMEOBOX PROTEIN CSX). [Source: SWISSPROT (P52352)]
Rattus norvegicus ENSENOG00000020747 (NK25_RAT)
Homology HOMEOBOX PROTEIN NKX-2.5 (HOMEOBOX PROTEIN NK-2 HOMOLOG E) (RNKX-2.5).
Matc hes [Source: SWISSPROT (O35767)]
Danio rerio ENSDARG00000018004 (nkx2.5)
NK2 TRANSCRIPTION FACTOR RELATED 5. [Source: RefSeq (NM_131421))
Fugu rubripes SINFRUG00000154189 (Q98872)
No description
Export Data iExEon gene data in EMBL, GenBank or FASTAi
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FlatFile ', FASTA ' Featrelist = Image

Select data to export
Feature

® (Gene c] ID: [ENSMUSGO0000015579
10000 basepairs either side of feature

Show context of:

Region

Chromosome: Ejor fragment |
Bands from: = |#] W [= |s
to
to

Contigs from:
Markers from:
Bases from: to

OO0«

Select export options
Exportas O EMBL [© GenBank]

Export the following features:
_ Similarity features
_ Repeat features
_ Prediction features (genscan)
_ Contig Information
_! Variation features

_ EST Gene Information
Select output format
® Text OHTML O Zip

LOCUS ENS5:17.25523337-25546284 22548 bp DNA HTG 21-S5EP-2003
u

16 30

House mouse
ORGANISM Mus musculus

Eukaryota; Metazoeoa; Chordata; Vertebrata; Mammalia; Eutheria;
Rodentia; Sciurognath; Muridae; Murinae; Mus.
COMMENT This sequence was reannotated via the Ensembl system. Ple

the Ensembl web site, http://www.ensembl.org/ for more

Figure 9. Exporting Ensembl
annotations into GenPalette
using a GenBank Flat File.
Green boxes represent
selections, checkboxes and
textfields that should be
adjusted. After entering a value
for flanking basepairs, selecting
GenBank format, and making
sure that the "Gene Information"
checkbox is clicked, you are
ready to export. A text page is
brought up that you can copy,
and then paste into the external
GenBank Flat File dialog. After
completing the dialog, the
mouse sequence with Ensembl
annotations are brought into
GenePalette, and can be used
like any other GenePalette
sequence.

ase visit

informatlion

COMMENT All feature locations are relative to the first (5') base of the
sequence in this file. The seguence presented is al
forward strand of the assembly. Features that lie out of the
sequence contained in this file have clonal location coordinates i
e Paste in a GenBank Flat File
Sequence Name:
Ensemb| Nkx2-5
GenBank Flat File:
LOCUS ENS:17.25523337-25546284 22948 bp DNA HTG 21-%
EP-2003
DEFINITION Mus musculus NCBIM3Q assembly reannotated via 10 Bases/Pixel
EnsEMBL DNA,

chromosome 17 25523337, .25546284
ACCESSION  17.25523337-25546284 )
VERSION 17.25523337-25546254 . ENSEMBL_DB :mus_musculus_c

ore_l6_ 30

Legend Panel

KEYWORDS 4::\_//:5
SOURCE House mouse ENSMUSGO0000001557!

ORGANISM Mus musculus
Eukaryotn; Metazoa; Chordata; Vertebrata; Mame
alia; Eutheria;
Rodentia; Sciurognath;, Muridae; Murinae; Mus.
COMMENT This sequence was reannotated wia the Ensembl -
system, Please visit $
tha Encemh]l weh cita  hbtn-//uss ancemh]l ara/

v
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File option. A dialog will appear, which has a Sequence Name text field and a
GenBank Flat File text field. Put a name in the first field so that you can identify
the new window. Paste the copied file into the GenBank Flat File text-area, and
click OK. The GenBank flat file will be loaded into GenePalette, just as it would
have been loaded from Entrez. Note that instead of having a gene name like Nkx2-
5, the gene name is “ENSMUSG0000000.....”, but if you look back at the record
for Nkx2-5, you will see that the number matches. Now that we have learned how
to access the sequence by the two different ways, you can complete the tutorial
with either the Entrez, or the Ensembl version. If you are extremely enthusiastic,
go ahead and follow the steps using both sequences to see how they are the same.

Reconstruction of the Nkx2-5 distal enhancer
A studied enhancer of the Nkx2-5 gene has been narrowed down to a region
between —3059 and —2554 upstream of the transcription start site”:

The -3059/-2554 distal nkx-2.5 regulatory element corresponds to a Notl/Dral restriction
fragment which was linked directly to the lacZ/SV-40 UTR transgene in pBluescript.

AAGGGACCOOGCCCGOTTCTCTCGCTCCGCAACAACTTCTATTTCOATGCCTATTGCGACGGACAGAGGT

EATA(SlZ) EQTA(SZ4) :
474 TTCCCTGLCGCGLGCCAAGAGAGCGAGGLGTTGTTG GCTACG CGCTGCCTGTCTCCA U

544 ATGGACGTCTCCCCGGCGCATTAATGACATTCCG
TACCTGCAGAGGGLCCGLOTAATTACTGTAAGGL

6 Bases/Pixel —

1000 bp Dralw Notlv GATA g

*Nkx2-5 U
Y9 99 % i l . ? Y
T e g }{:-.

Figure 10. View of the Nkx2-5 distal enhancer. GATA binding sites are viewed within a
.5 kb Not I/ Dra | fragment that has enhancer activity.

* Searcy RD, Vincent EB, Liberatore CM, Yutzey KE. 1998. A GATA-dependent nkx-2.5
regulatory element activates early cardiac gene expression in transgenic mice. Development.
1998 Nov;125(22):4461-70.
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To view the bounds of this element, add Not I and Dra [ from the restriction library
to the sequence (via Add Features from Library under the Libraries menu).
About 2.5 kb upstream of Nkx2-5, you will see a Dra [ site that is the beginning of
this distal enhancer (Figure 10). In Searcy et al., several matches to the GATA
consensus (simply GATA) were documented to be within this enhancer. To see
where GATA binding sites are, add a GATA feature to the sequence: click Add
Features from the Features menu. In the Feature dialog, type “GATA” in both the
feature name field, and the feature consensus field. To make things easier to see,
you can change the symbol for GATA to be the letter “g” (go to Text Symbol in
the shape-selection Combo-Box of the Feature Panel). You can see that there are
several GATA matches clustered in the Not I/ Dra I distal enhancer (Figure 10).

% 99 7

B

ATAC348)
298 CCCTCTGTTTGCTTTCTCGCCAATTATTGCTGCACAGCGGLCCCTTTG AGTAGTCCGAAAAAG
GGGAGACAAAC GAAAGAGCGGTTAATAACGACGTGTCGCCGGGGAAACAACY ATGTCATCAGGCTTTTTC

Name: Nkx2-5 mus contig (Reverse Complemented)

Length: 12888 Current(bp): 497
Start(bp): 348 End(bp); 1348 Selected(bp): 1

1 CCACAGACAAACAGGAAATGOCGATCACCGCTTCTAGACTGLGTAAGTAGCCTTGAGCGAGTCACTCTCCCCTGEGACCTTCT
84 TCTCTTAGCCAGGTGGTCTGGCAAGAGGAC CCAAGACGCACCACCTCCGAGGGLGCCGCCGLCTCCGGATGGCTGAGTACCTG
167 AAGCCGTAGGTGTACCTCOTTOCAGAGL TOGLCLLCCCTOCLCTACCCGLGGGAAGGAAGCACGLGCCAGGLCAAGGGLOGGE
258 CGCGCTOCTCATCCATCAGCCAGACCAAGAGCACALT COCCCTCTCeECCCTCTETTTOCTTTCTCOCCAATTATTRCTGCAL
333 AGCGGCCCCTTTGTTGATACAGTAGTCCGAAAAAGTGCTAATGT TCATTTATCAGGGGGCCCGCCOGGGACTCCCTAGAGTTG
Figure 11. Creating Gel Shift Oligos Part |. Clicking on a feature in the Graphical View generates
a clickable markup view. By clicking on the first base of the feature match, the user can select
sequence around the match because that nucleotide will be selected in the Markup View.
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Designing the oligos

To design oligonucleotides for EMSA analysis, we usually choose
sequences that are around 20-30 nucleotides in length, centered on the binding site
to test. For this example, it will be easiest to design oligos that are 24 nucleotides:
you want 10 nucleotides upstream, and 10 nucleotides downstream of the GATA
core. In GenePalette, one can select oligos in 5 simple steps (Figures 11, 12):

1. Click on the site in the Graphical View: a Markup View is generated

2. Click on the first base of the site in the Markup View: That base is
selected in the Sequence Display

3. Decide how many bases upstream you want to include (10 bp), and
select that many bases upstream of the first base in the Sequence
Display: The length of your sequence selection is displayed in the
Sequence Display, and a graphical representation of your selection is
boxed in the Graphical View

4. Now that you know the starting point of your oligo, select sequence
downstream of the oligo to the length that you have decided (24 bp) to
make your oligos: The length of your selection is displayed in the
Sequence Display, and your selection is boxed in the Graphical Display

5. Copy your selection, and paste it into a text file/document

You can reverse-complement your sequence using strider, or any number of
convenient web-tools. Although there are a lot of steps involved, it is also possible
to reverse complement oligos in GenePalette. To reverse complement your oligo in
GenePalette, go to the File menu, select the New Sequence submenu, and from
there select Sequence Only. Paste your sequence into the text area labeled
Sequence. A new window with your primer sequence in it is brought up. In this
window, you can go to the Sequence menu, and select Reverse Complement
Sequence. A new window appears with the sequence reverse-complemented. You
can then copy your reverse-complemented sequence into your text file/word
document.

Designed Oligos:
CCCCTTTGTTGATACAGTAGTCOG
CGGACTACT GTATCAACAAAGEGG
AATGTTCATTTATCAGGGGE00CG
CGGEGOCCCCTGATAAATGAACATT
CGTTGTTGAAGATAAAGCTACGGA
TCOGTAGCTTTATCTTCAACAACG
TAAAGCTACGGATAACGCTGOCTG
CAGGCAGCGTTATCCGTAGCTTTA
CATTCOGGGTGATAGT TGCAGCTT
AAGCTGCAACTATCACCCGGAATG
AGTTGCAGCTTATCTTTCAATTAA
TTAATTGAAAGATAAGCTGCAACT
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Start(bp): 338 End(bp): 347 Selected(bp): 10

b CCACAGACAAACAGGAAATGGCGATCACCGCTTCTAGACTGLGTAAGTAGCCTTGAGCGAGTCACTCTCCCCTGCGACCTTCT
B4 TCTCTTAGCCAGGTGGTCTGGCAAGAGEACCCAAGACGCACCACCTCCGAGGGCGLCOCCGGCTCCGGATGGCTGAGTACCTG
167 AAGCCGTAGGTGTACCTCGTTRCAGAGCTGGLCGGLCCTGCGCTACCCGCGGGAAGGAAGCACGGLC CAGHCCAAGGGGCGGT
250 COCLCTOCTCATCCATCAGC CAGAC GAAGAGCAGAGTCOCGCTCTCGGCCCTCTGTTTGCTTTCTCOCCAATTATTGCTGCAC
333 AGCGGLCCCTTTGTTCATACAGTAGTCCGAAAAAGTGCTAATGTTCATTTATCAGGGGGCCCGCCGLGUACTCCCTAGAGTTG
Y I 99 9
A \_L g g
Start(bp): 338 End(bp): 361 Selected(bp): 24
1 CCACAGACAAMCAGGAMTGGCGATCACCGCTTCTAGACTGGGTAAGTAGCCTTGAGCGAGTCACTCTCCCCTGCGACCTTCT
84 TCTCTTAGCCAGGTGGTCTGGCAAGAGGACCCAAGACGCACCACCTCCRAGGGCGCCGCCOOCTCCGOATGOCTGAGTACCTG
167 AAGCCGTAGGTGTACCTCGTTGCAGAGCTGGCCGGCCCTRCGCTACCCGCGGRAAGGAAGCACGGGCCAGGCCAAGGGGCGGRC
250  CGCGCTGCTCATCCATCAGCCAGACGAAGAGCAGAGTCGCGCTCTCAGCCCTCTATTTGCTTTCTCGCCAATTATTGCTGCAL
333 AGCGGCCCCTTTGTTGATACAGTAGTCCGAAAAAGTGCTAATGTTCATTTATCAGGGGGCCCOGCCGGLGACTCCCTAGAGTTG
416  CGATTCTTCCCAAMATATARACATGGGGCGAGCGTCCCAGACAGAAACCCCCATCTGTTTCCCTGOCGLGGGCCAAGAGAGCG

b g 99 9
A
T

Figure 12. Oligo design Part 2. As you select bases upstream of the site, you can see your selection
being boxed in the graphical view. The Sequence Display reports how many bases have been
selected. Once you have found the place to begin the oligo, start from this place, and select the
number of nucleotides that you want to include (24 in the case of this example).

Above is a list of oligos I designed using the 5 steps. If you want to see how my
oligos look on the sequence (Figure 13), you can add them as an OligoList feature.
Copy all of the oligo. Go to the Features menu, and click Add Feature. In the

Feature Dialog, give the Feature a name like “oligos”, and click on the tab labeled

OligoList Feature. Paste the list of oligos into the text area contained under the

OligoList Feature tab. Click OK.
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GATA(348)

?11905{338? ?ligos(B?Zj
320 ATTATTGCTGCACAGCGGCCCCTTTGTTIGATAICAGTAGTCC GTGCT]
TAATAACGACGTGTCGE CK‘JGGGAAACAACTATGTCATCAGGC CACGA
Oligos(338) Oligos(372)
GATAC3EZ)

390 LGCCCOCOGG
CCOOGOGGECC

Figure 13. View of designed oligos . After oligos were designed, they were added as an
OligoList feature so that they could be verified.

Tutorial 3: Working with Transcription Units

In most cases, a GenePalette user will be interested in using and
manipulating the transcription units that are annotated on the sequence. Not only is
it important to be able to see where a transcript is located, it is also necessary to be
able to modify the annotation so that it matches further information you may have
about a transcript. This tutorial will show you how to use the annotation access and
editing features of GenePalette. In this tutorial, we will use the portion of the
Enhancer of split complex that was downloaded during Tutorial 1. A copy of this
sequence is available with GenePalette in the file “tutorial.seq” in the Sequences
directory.

e Ifyou are starting this part from scratch, follow the instructions from
Loading a GenBank Sequence from Part 1.

e Ifyou are not connected to the internet, you can follow the majority of this
tutorial using the “tutorial.seq” file contained in the Sequences directory
under the main GenePalette Directory

o A glossary of all GenePalette menu-items will be given in Chapter 4

Extracting a cDNA

It is useful to have access to the spliced mRNA implied by the annotation of
a transcript on genomic DNA (Figure 14). To access this information, go to the
Sequence menu, and click Extract Transcript cDNA Sequence. A dialog appears
that gives you a list of transcripts currently associated with the sequence. To
demonstrate how this works, it is most helpful to use Nfl, which is the only gene
with multiple exons in the sequence. Select one of the three Nf1 alternates from the
transcript selection dialog. Note that you can easily tell between the two alternates
through the last column of the table labeled Color. Click the OK button. A
sequence output dialog appears that has the spliced sequence in it. From this dialog
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you can copy the sequence for subsequent use (Blast, strider or whatever). When
you are done with the cDNA sequence, click the OK button of the dialog to close
the dialog.

(3] Choose A Transcript to Extract
Select Name Strand Exons Notes Start(... End(... Color F 14 E t t DNA Th
0 Na + 18CGB3... 1717 14443= igure - EXtracting a ¢ . e
= Nfl 17 CG83... 1717 13858 i
M N : 18cGs3... 1717 12695 Spllceq cDNA Seqqence of any
[ HiHmdela  + 1ccs3.. 16325 17340 associated transcript can be
_ HlHmgamma + 1cc83.. 18562 19403 A
[ HiHmbeta - 1coia. 23630 24727 accessed. After Se|eCtlng a
[ Ipha + 1cG83... 29667 30083 N . . .
- transcript, the spliced cDNA is
displayed in a dialog text area
where you can select the
sequence, and copy it. When done, N
you should press the "OK" button to
close the dialog.
8o Nf1

TRAHALA TULLL T TLLLLUL TUULLAULLUA | L TUAUTAWTAL TU T UURA
AATGGTGAAGCATCCGGCGGAGTGCAAGCTATCGGCCTGCCCCTGTCACG
CCOTCAAAARAGTTGGGACATCCTGGATCAGTCCGCCTTGCAGTTTGCCC
GCCAACACAAGGTTCCCACTCTTCAGAACGCGCGAGTTTTGTTCAAAACT
CAACGCTCATTCTCGGTGCCGACGACCAAAGATCCGAACAATGCCACCGE
CATCGAAGAACGTCAGGAACGCGGTTCGCGTTCGTCGGTGTCCAACGAGT
CCAACGTACTGCTCGATCCCGAGGTCTTACCTGACCTGTCCATTCAAGCT
CTGGTACTGACTGTTTTGGCCACCTTGGTCAAGTACTCTTCGGATGAAGE
CGAAACGCGOGTTTTGTATCAGTATTTGGCCGAAGGATCGGTGGTCTTTC
CAMAGGTGTTTCCAGTTATCCATTCACTGCTGGACCAAAAGATAAACAAC
ATTTTGTCAGTGTCACACGACCAAGTGGTGCTCAACTCTGTGCAGAACAT
TATACAAAATATGCTGGCCAGCGAAGATCCTTCCCAGCAGCAGCTGCACT
TCCTGCAGAGTTGTGGATTTGGCGGACTCTGGCGATTTGCTGGTCCCTTC
ACCAAGTACAATATGATGGGTGAGTCCTCGGAGCTGTTTGTCAACTGTTT
GGAGGCCATGGTTGAGACCTGTTTGCCAGGCGACGAATCCGCGCCGOTGE
CACCATCTCOGOGTCCATACAACCTGAGCTCCAGTCTGAGTAGCCTGACC
CTGGGATCACCCACGGATAAAGCATTCTCATCGGAATCATTAGATTTTTA
TGACAATTGCCCAGGCAGCGTCAGCAGCCTGCGACGCGCCTCACACAGCA
AATCACGCGCCAAACATCGAATTAACGACAGTCCATCACATTGAACGTTC
CACAAGTAAAATACGAAAATATTCAAACT GCAACTTAAGACAACATAAGA

ATAGCTGAAAACAATGCAACAAAATAACACCATGATTGGGAAACATATGT
ATTTCGTAGTTATATAAGCTTTGCCAAATGGAATTATTGTCCCAACACTC
CAAACGATTTCACTTTTGTAATATCGAACACAATATCCAATATGCAAAT -
v
r Ok Y

Extracting Coding and Non-coding Sequences

The Sequence menu contains two related submenus that allow you to extract
either coding or non-coding sequence from the genomic fragment. Both submenus
(Extract Non-Coding Sequence and Extract Coding Sequence) use an identical
interface to select a sub-region of the genomic sequence for extraction. Once a
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region is selected, the type of sequence that is desired will remain as A’s C’s T’s
and G’s, while the undesired sequence will be turned into N’s. This type of
manipulation could prove to be extremely useful for applications such as MEME
searches (http://meme.sdsc.edu/meme/website/) for non-coding regulatory motifs,
or for highlighting the exon structure for coding sequence. The three ways to
extract coding/non coding sequence will be demonstrated. Note that untranslated
regions (5° UTR, and 3° UTRs) of transcripts are considered non-coding, and will
not be masked by N’s in a non-coding extraction, but will be masked in a coding
extraction.

Extracting by Numbers

This option displays a dialog that asks for a range to select. Type in a range
(a starting base pair, and an ending bp) and see what happens. If you choose a
range that overlaps an exon, you can really see how these features work. Try to
extract the range of 1 to 3000 as both non-coding and coding. This range overlaps
the first 4 exons of Nf1 (If you followed the tutorial instructions for Entrez queries
or used the tutorial sequence provided with GenePalette).

Extracting by Gene Boundaries

Selecting this option results in the display of all transcripts on the sequence,
much like the dialog displayed for selecting genes from an Entrez query. Choose
the genes that you want to include in the masked sequence. Note that if you choose
several genes, the outermost genes are selected as the minimum possible range that
you can select. Other genes not selected, but which occur in the selected region
will be masked anyways. After genes have been selected, you can then choose the
range upstream and downstream of the selected genes to include in the masked
sequence. It is important to know that the maximum ranges are not the ranges
to the next gene on the sequence, but will instead include the whole sequence.
On the other hand, the minimum range is the shortest distance that will include all
selected genes.

Extracting by Graphical Selection

To use this option, choose the region you want to include by dragging a
selection box around it in the graphical view. Then go to the menu, and choose by
Graphical Selection from one of the extraction sub-menus. The sequence
represented by the box you selected will be masked and output into the sequence
output window.

Adding and modifying transcripts
Of all the genes currently loaded into the graphical view, only ma has not
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had its untranslated region annotated. If we want to completely understand the
organization of a transcription unit, we should make sure that the unit is
completely annotated, including 5° and 3’ ends if possible. Fortunately for us,
someone has already described the ma transcription unit. If you go to the GenBank
record AJ011140 in your web-browser, you will see that the 3’ and 5 UTR of
malpha have been identified:

FEATURES
source

protei n bind

protei n bind

protei n bind

protei n bind

ene

TATA si gnal

primtranscript

Location/Qualifiers

1..1436

/ or gani sm="Dr osophi | a nel anogaster™
/ mol _type="genon ¢ DNA"
/db_xref="taxon: 7227"

/ map="96F11- 14"

CDS

m sc feature

m sc feature

pol VA si gna

6..14

/ bound_noi et y="Su(H)"
133..141

/ bound_noi et y="Su(H)"
143..151

/ bound_noi et y="Su(H)"
426..434

/ bound_noi et y="Su(H)"
734..1436

/ gene="E(spl ) mal pha"
734..740

/ gene="E(spl ) mal pha"
767..1436

/ gene="E(spl ) mal pha"
837..1253

/ gene="E(spl ) mal pha"

/ codon_start=1

/ product =" Mal pha"

[ protein_id="CAB39164. 1"
/db_xref="d:4493348"

/ db_xr ef =" SW SS- PROT: (97178"

/transl ati on=" MCQQVWVVANTNNKMKTSYSI| KQVLKTLFKK
QRKQLKPQGSL ESL ESVDNLRNAQVEEAYYAEI DENAANEKLAQ
LAHSQEFEI VEEQEDEEDVYVPVRFARTTAGTFFWI TNLQPVASV
EPAMCY SMOFQDRWAQA"

1283..1289

/ gene="E(spl ) mal pha"

/ not e="bear ded box"

1396. . 1402

/ gene="E(spl ) mal pha"

/ not e="bear ded box"

1417..1423

/ gene="E(spl ) mal pha"

If we look at the record, we can see that the primary transcript goes from
767 to 1436, and that the CDS goes from 837 to 1253. If we do some quick math
we can see that the 5’UTR of ma. is 70 bp (837 — 767), while the 3> UTR of ma. is
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183 bp (1436 — 1253). At the moment, the coding range for ma is set to the same
range as the first exon. All we have to do to is change the size of ‘s first exon so
that it starts 70bp further upstream, and 183 bases further downstream.

Go to the Transcript menu, and select Modify Transcript. You will have
to select a transcript to modify via the transcript selection dialog. Select ma., and
hit OK. Now you are in the transcript modification dialog (Figure 15). This dialog
is used both for adding new transcripts and modifying existing transcripts. The
Name field holds the transcript name as it will appear on both the tab for that
transcript as well as in the graphical view. The orientation selector is used to
indicate the direction of transcription. The fields labeled “Coding Range” are used
to indicate the start and stop of protein coding in the sequence (you can enter zeros
into the two text fields for this transcript to indicate that the transcript does not
code for protein). The Notes field is an optional field. The Color chooser can be
used to change the transcript color, much as you would use the same chooser in the
tab for the transcript.

There are 3 buttons next to the color chooser which control how the exon data table
works. The Add Exon button will add an exon to the end of the exon table. The
Sort button will sort the exons that have been entered, and name them according to
position. Finally, the Delete Exon button will delete the exon that is highlighted in
the table (if an exon is highlighted). You can enter values for the start and stop for
each exon, which exists in the table as a separate row. You cannot edit the Name
column, because the program automatically names exons by order in the direction
of transcription. Do some quick math to subtract 70 from the start position of Exon
1 of ma _and add 183 to the end of this exon. Enter your new values in the row for
Exon 1 in the Transcript Editor Dialog. The exon (using tutorial.seq) should now
go from 29597 to 30266. Because we believe in the coding region designation, we
will not alter that part. Click the OK button, and you should have an accurate
version of the ma transcript!

This concludes the tutorial portion of the manual. The next chapter will go
into depth about downloading sequences from GenBank.
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(] Choose Transcript to Modify

Select  Mame Strand  Exons  Notes Sl Endibp)  Color Figure15. Editing a transcript.
Nfl . 18 CGRIL 1717 14441

= —_— When a user clicks Modify

NPl . 17CG831 1717 13858

1 NN . 18 €GE3) 1717 12635 Transcript on the Transcript
- HLMm . 1 €832 1632% 17340 H t
—_ HLMmM . LCCR33 18562 19403 menu’ a Selectlon dlalog X .
o Hm. - 1CGL4S... 23630 mwi appears. Once a Transcript is
Bt # RERR S S— selected for editing, its attributes
are presented in the Transcript
Editor Dialog. Once the dialog is
finished, the new transcript is
reflected in the Graphical View
malpha
el ) (O
e Transcript Editor
Transcri .
o ansc pt_yﬂame. malpha - Transcrlpt
ame Orientation: ®+0- ¢ Orientation
Coding y-Coding Range: 29667 - 30083 Indicator
Range Motes: CGE3317-RA
Indicator - @ C addExon ) Som ) [ Delete Exon ) ——— Exon Table
Transcript — Start Stop Name Control
Color Chooser 29667 130083 Exon 1 Buttons

Exon Table——— >

{ Cancel ) (O
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CHAPTER 2: GenBank Access

Introduction

Pivotal to the usefulness of GenePalette is the ability to access sequences
and annotation through the Internet. GenePalette uses the Entrez server at the
National Library of Medicine (NLM) / National Center for Biotechnology
Information (NCBI) (http://www.ncbi.nlm.nih.gov/Entrez/) as its portal to the
world of genomic sequence. In this chapter, the methodology of GenePalette’s
GenBank parser is discussed, as well as tips for the most efficient use of GenBank
via GenePalette.

Getting to know the GenBank Parser

To have a thorough understanding of how to most effectively use
GenePalette, a modest comprehension of its GenBank interaction cascade is
needed.

Creating an Entrez query

The most common starting point for access to genomic data through
GenePalette will be in the form of an Entrez query, just as one would perform
through the web interface at http://www.ncbi.nlm.nih.gov/Entrez/ (see Figure 1,
Chapter 1) If one is familiar with the use of genomic GenBank records of their
favorite organism, then this step will come naturally (There are some genome-
specific tips later on in this chapter). The query that is entered is sent to the Entrez
server, and results are received by GenePalette and parsed into a table for user
selection.

Parsing Entrez query results

The Entrez results page that is parsed is identical to the HTML that underlies
the web version of Entrez. If only one sequence results, the program skips the step
of asking the user to select a sequence. For the sake of simplicity, only the first 500
query results are returned and displayed. This was done to simplify the
programming of the parser, as well as shorten length of time spent downloading
query hits. If a user is constantly performing queries with >500 hits, then there are
definitely some things that can be done to increase search specificity. See below
for the tips on creating Entrez queries. There are 3 pieces of data associated with
each query result. The first piece of information displayed in the sequence
selection dialog is whether the sequence is available remotely or locally (see the
section below about local storage of sequence). The second is a description line
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that tells the user what is contained within the sequence. The third is a unique
identifier called a gi number. A gi number is associated with only one sequence,
and when that sequence record changes in any way, the gi number also changes.
This unique identifier will be used in the next step of the program to request the
GenBank record for the selected sequence.

It is important to be aware that GenePalette is successful at parsing 99.9%
(or at least an overwhelming majority) of query results returned. However, every
once in a while, there are sequences not visible in the results table, and therefore
can’t be selected through an Entrez query. This is because they did not parse
properly. The problem is usually due to a non-standard nomenclature or record
signature in the results page. At the moment, we have sidestepped this problem by
adding a menu-item for loading a sequence directly by gi number (GenomeTools
menu, Load a Sequence by GI#). This way, no sequence is unsearchable.

Parsing Genes

As mentioned in the previous section, once a sequence is selected, the gi number
for that sequence is sent in a request to the Entrez server for the text version of the
GenBank record. If accepted, GenePalette will begin to parse the data contained in
this record line by line. If the GenBank record is very long (length in this case is
proportional to the number of genes in the sequence), then the loading and parsing
will take a long time (see the section about local sequence access below). A
GenBank record is delimited by statements initiated with “keys” that are indented
to the left of the annotation data (Figure 1). Each gene in a GenBank record has
between one and three keyed entries for each transcription unit contained within.
The simplest annotation consists entirely of CDS statements. These statements tell
where coding regions begin and end in a comma-delimited list of exons. In
genomes with little or no untranslated transcript (microbial, lower eukaryote), this
is all you need. In more complex annotation schemes, the record will have
statements that describe the CDS, and the mRNA, so that untranslated regions of a
transcript are annotated. The parser collects data from mRNA and CDS
statements, and cross-references them through the gene name as specified by the
“locus_tag=" or “/gene=""field (Figure 1). If a sequence doesn’t seem to parse
well, it is probably because it is not annotated in a standard way. Please let us
know if an important organism’s sequences are not parsable by GenePalette.
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Tags

gene complement (135868..138534)
/locus tag-"cG1l0112" < ¥|ocus Tag" Field
/note="last curated on Fri Mar 01 12:10:30 PST 2002"
/map="51A6-51A6"
/db _xref="FLYBASE:FBgn0033942"
mRNA complement (join(135868..136392,138395..138534))
/locus tag="CG10112"
/product:"CGlOllZ -RA"
/db xref="FLYBASE:FBgn0033942"
CDS complement (join (136018..136392,138395..138454))
/locus tag="CG10112"
/note="CG10112 gene product”
/codon_start=1
/product="CG10112-PA"
/protein id="AAF58238.1"
/db xref="GI:7303174"
/dbixref: "FLYBASE:FBgn0033942"
/translation="MYKFVLIASLLVALCMAAPPRQESEAERIEREEYEKYQNENAQY
SFNSSVDDKINDGQISENEEREGGTVRGSYSYFDGFVKRRVEY IADKDGYRVLKDETIE
DVGNGPSFNPDGIANVEGSMIGKYSIKLDKADDDKHYKDIHA"

Figure 1. Gene Annotations in a GenBank record. On the left, tags are used to specify different
parts of a gene's annotation. All of the gene's data are cross-referenced by the "Locus Tag" field.

Selecting a portion of sequence

Once annotation is loaded and compiled, one of two things happens. If there
were no gene annotations on the sequence (unordered working draft sequence or
whatever), then the user is prompted to enter a range that they would like to
download. In the more common situation, the user is presented with a list of genes
that were parsed from the GenBank record (see Figure 1, Chapter 1 for a picture).
If the first word of your Entrez query matches a gene on the table, that row will be
highlighted. You can click on the genes that you are interested in looking at. If you
select a gene that overlaps another gene, all overlapping genes will then be selected
(Figure 2).

Choosing upstream and downstream ranges

Once genes from the genomic sequence have been selected, the user must
decide how much upstream and downstream sequence to download before the
parser can move on. This decision is made with a dialog that has two slider bars,
one upstream and one downstream (Figure 2). In between the two sliders is text
that symbolizes the genes selected from the previous dialog. The upstream slider
will go anywhere from zero bases upstream of the most upstream gene, all the way
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(5] Choose Genes to Load

CGE061 7 Mateh Case ™ whale Mu:h.’f Find Next "
Include Gene Name Orient Seart End
: CG30062 - 144214 144835
1= CC4840 - 149161 151890
= arr - 152130 18171%
= CL5970 - 182007 153893
= cid + 184058 185127
- CCe0l6 - 185164 193366
= drk 193719 201334
1 CG17064 - 201298 204598
W CG6061 + 204939 211609
= EfTuM + 206055 207E30
= CG13330 - 213756 215943
=) CC6119 - 216548 218729
= CG13331 + 220261 221798
8 CC Select Upstream and Downstream Bases
_ Warning: 1 gene was added because it overlaps your selection
l A total of 2 genes selected. Total bp selected: 9159

-341 > Your Selected Genes & 2147
¢ ) —
L Cancel 9 G—OK

1000 bp

fTuM

G6061

e —. A

"Your Selected Genes"

-341 -0 + +2147
bp  bp bp bp
Figure 2. Gene selection and range selection. When a gene is selected which overlaps another gene, all
possible overlapping genes are included in the selection and a warning is issued in the Range Selection

Dialog. In this case, although CG6051 was selected, EfTuM is also included due to overlap. At the
bottom, you can see the exiremes that are possible in the range selection dialog. At the maximum
range, all sequence to the next gene is selected, while in the minimum, no sequence above or below the
gene is included.
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to the first base of the next gene (Figure 2). The downstream slider works in a
similar way. Above the sliders is contained information about the number of genes
and base-pairs selected. If extra genes were included in the selection, a message
appears in this dialog to let you know how many genes were added.

Loading the selected sequence

Finally, when the range of sequence to be loaded has been negotiated, the
parser will download the sequence from GenBank, using the unique gi number.
The sequence retrieval system now uses the E-Ultilities at Entrez for quick access
to sequence fragments. E-Ultilities allows users to download specific sub-regions of
large sequence quickly, whereas before, one would have to download the whole
sequence to work with a portion at the end of that sequence.

Entrez query basics

A basic Entrez query is usually going to start with a gene name or symbol.
Using the gene symbol as the first word of a query has the added benefit of
automatically searching the resulting gene table for that first word. Terms can be
added to a query separated by spaces. For example, compare these two queries:

egfr
egfr drosophila

The first query yields 500 sequences, while the second gives only ~30
sequence results. Terms stringed together with spaces are treated as if the “AND”
keyword was used to separate them. This means that results must match both
terms: “egfr” and “drosophila”. You can also require that words be seen next to
each other by placing a multi-word term into quotes. Another trick of the trade is to
use the “[orgn]” tag to specify organism (Caenorhabditis[orgn] chromosome). An
extremely useful trick is to designate a range of sequence lengths that you want to
search. To see all Arabidopsis chromosomes, here is a query that gives you only 7
results:

Arabidopsis thaliana [ORGN] AND 10000000:50000000 [SLEN]
This query requires an Arabidopsis sequence that is between 1 and 50 megabases.

Luckily, most queries by gene name give only a few results, so you don’t have to
type in a lot of stuff to get to your gene easily.
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Genome-specific tips for Entrez queries

Each organism has its own gene nomenclature and resultantly, has its own
best way to get to the sequence through an Entrez query. Here, some tips are listed
for a few prominent organisms. Links to organism-specific resources are found on
the GenePalette website (www.genepalette.org), and also the Entrez Genomes page
(http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?db=Genome).

Drosophila melanogaster

The easiest way to get to a fly gene is to use either its gene symbol (if it has
one) or the CG number. The CG number is a gene symbol in the form of CGnnnnn
(where n is a number, and CG stands for Celera Gene). Even if a gene has a
symbol, it will still be associated with a CG number, which you can get from
GadFly/FlyBase. If the gene has a really non-specific gene name, you can narrow
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the search by adding “contig”, “section”, or “drosophila” after the gene name.

Anopheles gambiae

Currently, the best way to access an Anopheles gene is to go to the mosquito
search page at Ensembl (http://www.ensembl.org), type in your gene symbol,
name, or drosophila CG-number into the search field, and look for hits in the
Anopheles gene, domain or family index. This will take you to genes in Ensembl
that have the ENSANG# that is used in GenBank. Hopefully the web resources for
Anopheles Gambiae will improve soon. It is recommended to download the
Anopheles genome collection from our website.

Caenorhabditis elegans

The worm sequence is currently available as whole chromosome sequences.
If you have the www-n (where w is a character, and n is a number) symbol, you are
pretty much golden. This symbol alone gives you a limited number of query results
to choose from. To access an unnamed gene, you have to find its map
element/locus name (old = C36B7.1, new = XH7321). A good cross-reference for
getting to this name is on the WormGenes page of the NCBI Acembly website:
(http://www.ncbi.nlm.nih.gov/IEB/Research/Acembly/index.html?worm). You can
also use the Entrez-Genomes page to find these names.

Arabidopsis thaliana

Finding an Arabidopsis gene is extremely easy. Just type in the At number:
AtCHRgnnnnnn (CHR = chromosome, n = number; example:At5g67540). You
will definitely want to download the whole chromosome collection of Arabidopsis
(see the Local Storage section below).
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Homo sapiens/ Mus Musculus

The easiest way to find a gene in the working draft version of the human or
mouse genomes is to use locus link to find approved symbols for the gene of
interest. You will most likely find several matches to your symbol, since there are
so many copies of things. It may be helpful to add “contig”, “homo” or “mus” to
the end of the query if there are a lot of results coming back.

Local storage of large sequences

As genome sequence projects finish their assembly and annotation, the
sequence data is transformed from small scaffolds to large whole-chromosome
contiguous segments (contigs). Although this is the best representation of the
sequence in vivo, it is not necessarily the most convenient way to look specific
genes in silico. Large contigs with thousands of genes that span multiple mega
bases take a long time to download. To evade this problem of long downloads, we
have added the ability to download a sequence once, and access it as needed. To
make this process very simple, we have made genome collections from prominent
mature genome projects (Arabidopsis thaliana, Drosophila melanogaster, and
Caenorhabditis elegans). As other genomes come out as unmanageable contigs,
we will attempt to make new collections available on our website.

Steps to storing a sequence

If your genome is not present on the GenePalette website as a collection to
download, you will have to manually download sequences to store them. Please let
us know that we overlooked your favorite organism so that we can put a genome
collection on the web.

The interface for storing a sequence locally is very similar to that for the
usual exploration of a sequence. You go to the GenomeTools menu, and select the
option for Save GenBank Records and Sequences to Disk. You will get a dialog
that asks for an Entrez query. This will work in a way that is identical to the
previous Entrez query dialog. Next, you will get a result dialog that is almost
identical to the result dialog for conventional sequence loading. The only
difference between these two is that in this dialog, you can select multiple
sequences for download. Note that the second column of the table in this dialog
(Source) indicates whether the sequence is Remote or Local. If the sequence is
Local, selecting this box will overwrite the previously saved sequence. You can
select one sequence, or many sequences to be loaded. If you selected multiple
sequences, they will be loaded one by one. If applicable, the program asks if you
would like to overwrite a previously saved sequence. First, the GenBank
annotation data is downloaded, compiled, and the Java object data is stored in a file
with the extension “.eg” in the GenBank directory under the main program (“.eg”
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stands for EntrezGrabber, which is the name of the device that interacts with
GenBank). Next, the sequence is downloaded line-by-line and stored in a flat file
with the extension “.nt” (for nucleotide). Both “.nt” and “.eg” files are named
according to the gi number that they represent. This is a convenient because the
sequence and annotation for every gi is required to stay the same; if changes are
made, a new gi is created, and our old one will be ignored.

It should be noted that for large sequences, you might need to attempt the
download several times before success. This becomes a more prominent problem
during peak hours of NLM usage (during the week-day). One bug that we know
about is that on rare occasions, the download aborts in an undetected way, and
annotation is not properly saved. The symptom of this problem is that when you go
to load a gene from this sequence, you do not get a gene selection dialog, but
instead are asked to type in a range to extract from the sequence. If you see this
problem, and know that what you downloaded does indeed have gene annotation,
try the download again.

Steps for installing sequence collections downloaded from www.genepalette.org

In most cases, the genome you want to use will be available at our website.
The download from the website will be much less painful than doing it through the
software. First, download the zip archive for the your favorite genome from our
website. Use standard unzipping (WinZip, Zipit, unzip, etc) software to
decompress the archive. Each archive will decompress all of the sequences into a
directory with the same name as the archive (eg “D melanogaster”). Move this
directory which contains all of the “.eg” and “.nt” files into the GenBank
subdirectory under the main program directory. The program will search this
GenBank directory, and all immediate subdirectories for stored files. This way,
you can organize your stored genomes by organism name, which is really useful
for the local access process described at the end of the chapter.

How to use a stored sequence

Once a sequence has either been added from a downloaded sequence
collection, or manually stored through the program, the way that you use this
sequence is quite easy. You just do the standard Entrez Nucleotide Query
(NLM) from the GenomeTools menu. If a sequence that you have stored appears
as a query result, the Source column will show that it is Local (Figure 3). Select
the local sequence, and go through the steps for selecting a gene region as you
normally would. The big differences are that now loading all of the genes on the
sequence is much more quick (5-10 seconds), and loading the sequence into
GenePalette is faster (1-2 seconds to access the sequence).
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Choose a Sequence to Explore

Select | Source Description Gl

Local Drosophila melanogaster, contig 2R.1 (20302... 20340...
FRemote Drosophila melanogaster (CG&E1E3), mRMNA 19922...
Femote Drosophila melanogaster GHO942 Y full length... 16648, ..
Remote RHG61846.5prime RH Drosophila melanogast... 15453,
Remote Drosophila melanogaster genomic scaffold 14... 10727...

DOOOE

Figure 3. Once a sequence has been stored, the Source column shows that it is
available for local access

Note to Mac OS9 Users

For Mac OSX users, local access to large sequences is as fast as mentioned
above. However, for users still using OS9, the step for loading all of the genes on a
large sequence will still be fairly slow (30 —60 seconds). This is because the
support for OS9 Java is limited, and has been discontinued. Although most things
work, there are still a multitude of bugs, and inefficient processes that will not be
fixed. Apple has dedicated a lot of energy the creation of a beautiful
implementation of Java on OSX, and I would take this space to urge any Mac user
to try GenePalette on OSX. All of the screen shots in this manual were made with
the OSX version of GenePalette. Because of the dated Java support on OS9, and
dwindling support for this operating system, GenePalette version 1.1 was not
released on OS9.

Using Local Sequence Off-Line

Although collections are stored in the GenBank directory, the Entrez query
function is still very useful. This is because the GenBank records are indexed in
several ways. Many times you can get to the right genomic contig by typing in the
full name of the gene, or by typing in some other identifier. For example, if you
know the CG number for a Drosophila gene that has a well known symbol (eg
numb = CG3779), you will be able to get to the Drosophila contig for that gene
with far fewer Entrez hits than the actual symbol (“numb” gives 246 hits,
“CG3779” gives 5). However, it is extremely useful to access locally stored
genome collections without ever having to use an internet connection. What if you
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File  Edit Sequence Feature Libraries Transcript SReCGTTUTRGTIIE Window 1

Entrez Nucleotide Query (NLM)

Name:
Length: Current{bp): Search Local Sequences by Gene Symbol
Start(bp): End(bp): Recatalog Local Genes
5 Load a Sequence by GI#
Save GenBank Records and Sequences to Disk
8 OocC Index Genes

Local Genes have not yet been indexed,
Do you want to index them now?

( Don't Index ) €  index ) ( Index Selected Directories ) :

Choose Directonies 1o Index

GenBank/D_melanoga ster
GenBank/0m_Scalf
GenBlank /S _cerevisae

Select Directory
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= GCarBank/A_gaumbise
g GanBank/A_thakana
= CepBank/C_elegans
o |
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17099 Genes Indexed... +
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Cancel
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Figure 4. Indexing genes from local sequences. The first time you attempt to search local genes during
a GenePalette session, you must index the sequences contained within your GenBank directory. You
can either index all sequences, or choose selected subdirectories to index.
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are using your laptop on a plane? What if you want to browse gene models while
lounging on the beach? What if there was a huge power-outage on the east coast,
but you still wanted to know how many AP1 binding sites are in your promoter?
Well, that is what our local access functions were built for.

Indexing genes

In order to search for genes contained within your local genome collections,
you must first have indexed the sequences contained within your GenBank
directory (Figure 4). The indexing process is reset every time that you start a new
GenePalette session, and is initiated when you first ask to search for local genes
(Search Local Sequences by Gene Symbol under the GenomeTools menu). You
can also ask GenePalette to index the genes if you have changed the contents of
your GenBank directory (Recatalog Local Genes under the GenomeTools menu).
When indexing, you have two choices. You can index everything you have — all
files in your GenBank directory, and any files that are in any immediate
subdirectory of the GenBank directory. Alternatively, you can index a selected
number of subdirectories (Figure 4). Once the indexing process is completed, you
are ready to search this local index for your gene.

Searching Local Collections

Once indexing is over, you can search your local sequences for genes by the
gene symbol (Figure 5). Simply go to Search Local Sequences by Gene Symbol
under the GenomeTools menu. The difficulty with the local search is that you
must know the gene symbol used in your locally stored sequences. The search is
not case-sensitive, so you do not have to worry about proper capitalization. When
you type in your symbol and press OK, a list of perfect matches is returned. For
convenience, the subdirectory from which the match was found is presented. In
Figure 5, you can see that a search for the EGFR gene yields 2 hits: one in the
Dm_scaff directory, and one in the D_melanogaster directory. Once you select a
sequence to explore, you are brought to a gene list that is identical to the gene list
that you use during an Entrez Query. The symbol that you input is automatically
searched along the gene list that is loaded, and if present, that row in the gene table
is highlighted.
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Figure 5. Searching local sequences by gene symbol. Once Indexing is over, you can use this option
to search through indexed directories by typing in a gene's symbol. Files with matches to your symbol
will be displayed, as well as the directory that the file appears in. Once a local file has been selected,
you can choose genes to load, just as in a normal Entrez Query.
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CHAPTER 3: Features and
Feature Libraries

Introduction

The main intent of the GenePalette creators was to provide a way to view
sequence elements relative to each other and to gene annotations. To do this, one
must have a way to locate and view elements of interest in a sequence. We have
provided a basic set of tools for marking up a sequence through consensus
descriptions called Features. Obviously, when performing routine analysis, it
would be most efficient to have a way of re-using features instead of typing them
in from memory. Resultantly, we created a set of tools for managing Feature
Libraries. This chapter will explain the features about Features.

Feature Basics

A Feature is defined as any sequence element that can be described by
nucleotide sequence identity. This includes transcription factor binding sites,
restriction enzyme sites, SNPs, primers, microsatellites, RNA regulatory motifs,
promoter elements, etc. The first thing to know is the basic nomenclature used to
define a feature consensus.

IUPAC Code

Of course, you can always define a sequence using A’s T’s C’s and G’s, but
GenePalette also recognizes the single letter code set by the International Union of
Pure and Applied Chemistry for matching multiple bases to a single letter. This
code below appears in the dialogs for adding features, and also appears as a tool tip
in fields that require IUPAC code.

IUPAC Nucleic Acid Code:

R=AorG Y=CorT
M=CorA K=TorG
W=AorT S=CorG
B =C,T,G(Not A) D =A,T,G(Not C)
H=A,T,U(Not G) V=A,C,G(Not T)
N=ACTG

Specifying a variable number of the same base
In addition to the IUPAC code, GenePalette also allows a Feature to search
for a variable repeat of the same base. Lets say that you have a transcription factor
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that binds to two core sequences that are spaced by 0 to 4 nucleotides. The
consensus would be expressed normally as GGGCCA N(0-4) TGGCCC. This
means that there could be as few as zero, and as many as four occurrences of “N”
in between the two binding cores. In GenePalette, the above consensus would be
input as GGGCCAN{0,4} TGGCCC. The brackets follow the letter that will be of a
variable length repeat, the first number will be the lowest number of occurrences,
and the second number will be the maximum number of occurrences. Every
possible number of repeats in between 0 and 4 will be allowed:

GGGCCATGGCCC
GGGCCANTGGCCC
GGGCCANNTGGCCC
GGGCCANNNTGGCCC
GGGCCANNNNTGGCCC

e Add a Feature
~ Feature Name: —
PN E Box

Feature Consensus:
RCAGSTG
. Symbol Text:

E
. Notes:
TPro-neural E Box|

[T Allow Mismatches?

rSimpIe Feature ‘ OligoList Feature Y Complex Feature \
IUPAC Nucleic Acid Code:

R=AorG Y=CorT
M=Cor A K=TorG
W=AorT S=Cor G

“B=CT.G(Not A) D=AT.G(NotC)
i H=ATUNtG) V=ACGNuT)
IN=ACTG
N{min.max} denotes multiples of a single nucleotide type
T Example: AAAT {023 AAA will match AAAAAA, AAATAAA, or AAATTAAA

| ¢ Cancel Y 7 0Ok

Figure 1. Adding a Simple Feature to a sequence
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Three Types of Feature

Whenever features are being manipulated, there are 3 options for what kind
of feature you can add/modify. The same feature-editing dialog is used whether
you are adding a feature to a library or a sequence, or modifying a feature that
exists in one of those places. The top part of the dialog contains general
information about the feature which pertains to all of the 3 types of feature, while
the bottom portion of the dialog contains a tabbed-pane which allows you to select
which feature sub-type you want to use. If you are not editing a simple feature, this
tabbed-pane will require that more data to be entered into the pane.

Simple Features

A simple feature is the most common type of feature (Figure 1). It consists
of a name, a simple consensus that will be used to search the sequence, any notes
that you would like to associate with the feature (optional), and text that you would
like to symbolize the feature with in the graphical view (optional). You can click
the mismatch checkbox to allow a single mismatch between the sequence and the
consensus that you entered. For convenience the bottom panel contains a summary
of the [IUPAC code.

OligoList Features

This type of feature can be used to find any sequence that matches a list of
oligonucleotides (Figure 2). Just simply type all of the oligos or simple
consensuses you want matched into the text area under the OligoList tab. You do
not need to fill in the Feature Consensus text field at the top of the dialog if you
are adding an OligoList. Each oligo/consensus should have its own line in the text
area (separate terms with carriage returns). An OligoList is useful in a multitude of
situations. When you have a primer-pair for which you want to have the same
symbol, this is a perfect choice. Another use would be if you have random binding
site selection (RBSS) data, and would like to search for matching oligos rather than
making a core consensus, you can put all of the selected oligos into an OligoList.
This adds a different type of specificity to a binding search. The third application
for this type of feature is when a feature has multiple simple definitions that cannot
be grouped into one simple consensus. For example, in Markstein et al., 2002°, the
binding site for the Drosophila transcription factor Dorsal was searched for in the
fly genome, with the following consensus:
GGGWWWWCCM
GGGWDWWWCCM

3 Markstein M, Markstein P, Markstein V, Levine MS. 2002. Genome-wide analysis of clustered Dorsal binding
sites identifies putative target genes in the Drosophila embryo. Proc Natl Acad Sci U S A. 22;99(2):763-8.
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Although these are related, you cannot make a single feature that matches all of the
possible sequences implied by these two consensuses. You could use

GGGW {4,5} CCM., but you would miss the version of the second consensus where
the 5™ position is a ‘G’. You could consolidate the two versions into

GGGWDW {2,3}CCM, but this would result in matches that you do not think are
real Dorsal binding sites. The best solution to this problem is to make an OligoList
for which each of the two Dorsal consensuses appear as separate lines in the
OligoList text area.

) Add a Feature | 8 Add a Feature
Feature Name: Feature Name:
My Primers SulH)
Feature Consensus: Feature Consensus:
YCTCDGAA
Symbal Text: Symbaol Text:
5
| Notes: | Notes:
High Affinity Suppressor of Hairless Binding Site
] Allow Mismatches? [ Allow Mismatches?

[ Simple Feature T OligoList Feature ‘ Complex Feature \ " Simple Feature | OligoList Feature r Complex Feature 1
ACGATCGACGAGC GAGAAGAGCAGCATCGACTAGCA Compile Site Matches £ Allow All 3 Disallow All
AGCATCAGCGACGATCAGCTACGACTAGCAGGAGGN

Allow Oligo
v CGTGTGAA
v CGTGAGAA
W CGTGGGAA
- TGTGTGAA
v TGTGAGAA
W TGTGGGAA
I
f \ 1 Cancel » 7 oK

Cancel OK

Figure 2. Adding OligoList and Complex Features to a sequence

Complex Features

The final type of feature is the Complex Feature (Figure 2). This feature
allows the user to restrict a consensus to a subset of the matches implied in the
IUPAC code. This is useful if you know of certain species that you are aware will
match the consensus, but are not pertinent to the feature you are trying to highlight.
To make a Complex feature, fill in the top of the dialog. You must fill in the
Feature Consensus text field at the top. Once the top is filled, click on the
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Complex Feature tab, and click the button labeled Compile Site Matches, this
brings up a list of all possible matches implied by the [UPAC code entered into the
Feature Consensus text field. Then you can click the check boxes next to each
species you want disallowed. One example of a Complex feature is the consensus-
binding site for Suppressor of Hairless. We know of 5 octamers that this
transcription factor binds to with high affinity:

CGTGGGAA
CGTGAGAA
CGTGTGAA
TGTGGGAA
TGTGAGAA

You could put these all together with the simple consensus YGTGDGAA, but that
would allow the species TGTGTGAA, which is not a high affinity binding site. In
this situation, the Complex feature shines as an easy way to define a consensus that
has a complex definition.

Feature Libraries

Now that we know about the various types of sequence features supported
by GenePalette, it is time to learn about how you can store them and reuse them.
Feature libraries hold collections of features that can be added to a sequence. All
open windows operate on the same set of libraries: If you add to a library in one
GenePalette window, the library in all windows is changed. All manipulations of
feature libraries are conducted through the Libraries menu.

Included Libraries

The GenePalette software comes equipped with 2 libraries. One is the
restriction library (RE.lib). This library contains 208 consensuses for commonly
used restriction enzymes, listed in alphabetical order. The second included library
is a small library that is used with the tutorials in chapter one.

The Libraries Directory

You may have already noticed that when you start up GenePalette, there are
already 2 libraries that are available to use (see Included Libraries above). These
libraries are available because they are in the Libraries subdirectory, under the
main directory for the program. Any library contained in this directory will be
opened automatically when the program starts up.
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Creating Libraries
You can create new Libraries by going to the Libraries Menu. You must
choose a name for the library, and a place to store the library.

Adding to Libraries

To add a feature to a library, you go to the Libraries menu, and click Add
Feature to Library. You then get a selection dialog that asks you which library
you want to add to. Select one of the available libraries, and hit OK. The normal
feature-editor dialog comes up, and if you fill it in and hit OK, then that feature
will be added to the library you selected. As soon as the feature is added, the
library is saved to disk (as with any modification to a library).

Deleting from Libraries

To delete a feature from a library, go to the Libraries menu, and click
Delete Feature from Library. You will be asked to choose a library from which
features will be deleted. Once selected, a table of all features in the library is
presented, and you can click as many features in the library to delete them. As
soon as you click OK, the selected features are deleted from the library, and
the library is saved to disk. Features deleted from libraries are added to the
session history, in case you really did not want to delete them. You can then add
these features back to the library if you wish by clicking on the Libraries menu,
and selecting Add to Library from History.

Feature History

All features added to a sequence, or modified in a sequence are added to a
list of Features in the session history. Additionally, features deleted from libraries
are also added to the session history for safety. You can add features from history
to either the current sequence (Feature -> Add Feature From History), or to a
library (Libraries->Add to Library from History). Another feature of the history
is that you can use the history to copy features from one library to another: Add a
whole bunch of features from a source library to any kind of sequence. These
features are then added to the session history. Then you can add to a different
library from the session history, and have basically copied features between
libraries. Finally, you can add any feature that is part of a saved sequence to the
Feature History (Feature -> Include all Current Features in History). This way,
if you added features and saved a sequence, these features can be added to the
history, and then put in a Feature Library, or added to other sequences via the
Feature History.
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CHAPTER 4: Index of Menu
Items

Introduction
This chapter gives a 1-2 sentence description of every available menu item
in GenePalette.

8e8 Comman Laboratory Researchers of the world unitel!! (Unsaved)
m Edit  Sequence Feature Libraries Transcript CenomeTools Window

mm Sequence Only 3f the workd unite!!!

Open Sequence GenBank Flat File g

Save Sequence ERABRY 7 Selected(bp): 7

Save Sequence as F

Export Graphical View # O

Export Markup View 3
About GenePalette

Cuit

The File Menu

New Sequence-> Sequence Only

Displays a dialog where you can create a new sequence by typing in a sequence
name, and pasting the nucleotides into a text area. In the sequence text area, all
non-nucleotide characters are filtered out.

New Sequence-> GenBank Flat File

Displays a dialog where you can create a new sequence by typing in a sequence
name, and pasting a GenBank Flat File into text area. GenBank Flat Files copied
from the Ensembl Exportview will be parsed using this menu-item (see Tutorial 2,
Chapter 1).

Open Sequence
Lets you open a sequence that was previously saved in GenePalette.

Save Sequence

Save changes to a sequence that has been saved before, or save a previously
unsaved file to disk.
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Save Sequence As
Specify and save sequence under a new file name.

Export Graphical View -> Export GIF
Exports an image of the Graphical Display in GIF format.

Export Graphical View -> Export PostScript
Exports an image of the Graphical Display in Postscript format.

Export Markup View -> Export GIF
Exports an image of the Markup View in GIF format.

Export Markup View -> Export PostScript
Exports an image of the graphical display in Postscript format.

About GenePalette
Displays the About GenePalette window. The hyperlinks are real!

Quit

Closes the program. All unsaved files will be verified with the user before closing.

8apa Commen Labaratory Researchers of the warld unitel!! (Unsaved)
File BN Sequence  Feature  Libraries  Transcript  GenomeTools  Window

Mame Copy Common Laboratory Researchers of the world unite!!!
Lengtl Copy All 7 Currentibp): 1

The Edit Menu

Copy

Copies sequence currently selected in the text area of the sequence display into the
clipboard.

Copy All
Copies all of the sequence in the text area of the sequence display into the
clipboard.
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BoA There is no rock on 14 (Unsaved)
File  Edit m Feature  Libraries Transcript  GenomeTools  Window

Rename Sequence

Mamae:
Length: Reverse Complement Sequence N
Startibp): _ :-:tracl Tmﬂscl:pchNA chuence 53 = alactadihr 7
i GATTACA Extract Non-Coding Sequence P :::: gzﬂhgélndu,m E:I
Extract Coding Sequence ¥ 1o Graphical Selection

The Sequence Menu

Rename Sequence
Changes the name of the sequence in both the sequence display data area, and in
the title of the window (and in the Window Menu).

Reverse Complement Sequence

Flips the sequence and transcripts and features around so that the reverse-
complement strand is the strand displayed in the sequence display. This new
sequence appears in a new GenePalette window, leaving the old sequence
untouched.

Extract Transcript cDNA Sequence
Splices all exons together into a cDNA sequence, which is displayed in a dialog
that allows you to copy and paste the sequence.

Trim Sequence

Submenu that gives you three ways to trim the sequence down to a smaller size.
All three ways result in a new GenePalette window that contains the shortened
sequence, while the old sequence remains in its current window, unaltered.

e by Numbers — Allows you to trim by specifying how much sequence to
remove from the front and end of the sequence. Entering 5000 into the
Front Cut text field will remove 5000 bp from the front of the sequence.
Entering 5000 into the Rear Cut field will result in 5000 bp removed from
the end of the sequence.

e by Gene Boundaries — Allows the user to select a core set of genes that
should be maintained in the trimmed sequence. Once those genes are
selected, the user must use a slider to select the number of base pairs
upstream and downstream of the genes that will be kept. The default position
on the slider is to keep everything, and the user must move the sliders closer
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to the selected genes to trim more.

e to Graphical Selection — If a box is selected within the graphical view of the
window (see tutorial, chapter 1), then that region will be trimmed out of the
big sequence.

Extract Non-Coding Sequence

Submenu that allows the user to mask protein-coding sequences for a portion of the
currently loaded sequence in three different ways. All of these ways result in the
masked sequence being presented in a text-area dialog so that the user can copy the
masked sequence for use elsewhere.

e by Numbers — Allows the user to enter a range of bases on the current
sequence to extract non-coding sequence from. This option should not be
confused with the “by Numbers” option in the Trim submenu.

e by Gene Boundaries — Allows the user to select a core set of genes that
should be included in the masked sequence. Once those genes are selected,
the user must use a slider to select the number of base pairs upstream and
downstream of the selected genes. The default position on the slider is to
keep everything, and the user must move the sliders closer to the limit the
resulting sequence to a specific region.

e to Graphical selection — If a box is selected within the graphical view of the
window (see tutorial, chapter 1), then that region will be selected for
masking.

Extract Coding Sequence
Much like the Extract Non-Coding Sequence submenu, this submenu allows users
to mask non-coding sequence, while maintaining protein-coding sequence.

o by Numbers — Allows the user to enter a range of bases on the current
sequence to extract non-coding sequence from. This option should not be
confused with the “by Numbers” option in the Trim submenu.

o by Gene Boundaries — Allows the user to select a core set of genes that

should be included in the masked sequence. Once those genes are selected,
the user must use a slider to select the number of base pairs upstream and
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downstream of the selected genes. The default position on the slider is to
keep everything, and the user must move the sliders closer to the limit the
resulting sequence to a specific region.

e to Graphical selection — If a box is selected within the graphical view of the
window (see tutorial, chapter 1), then that region will be selected for

masking.
epe Scotty 2 Hotty Lives (Unsaved)
File Edit Segquence m Libraries Transcript GenomeTools  Window
Name: -Sr_nu‘,.- :  Add Feature
Length: 7 | Delete Feature
Start(bp) 1 Modify Existing Feature wredibp): 7
: == — Include all Current Features in History — -
1} GATTACA Add Feature from History m
The Feature Menu
Add Feature

Add a new feature to the currently loaded sequence.

Delete Feature
Delete a feature from the currently loaded sequence.

Modify Existing Feature
Modify a feature that has been added to the sequence.

Include all Current Features in History

Takes all of the features that are loaded on the current sequence, and places them
into the session history so that the feature can be added to other sequences, or to a
Feature Library

Add Feature From History

Select a feature from the session history to add to the current sequence. The history
contains features that have been added or modified in any sequence during the
current GenePalette session. It also contains features that have been deleted from
libraries during the current session.
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866 Turn your gene into a work of art with GenePalette {Unsaved)
File  Edit Sequence  Feature Transcript  GenomeTools  Window

F\Ia_rne -Ium your gene. into Add Feature from Libra
Length: 7 Curref Add Feature to Library
Start(bp) T Endibg Add toLibrary from History tted(bp) E
Modify a Library Feature =
1 GATTACA Delete Feature from Library m

Rename a Library
| Create New Feature Library
= Load Feature Library -
i Close Feature Library
1 E#ﬂ%# Save Feature Library as

o

The Libraries Menu

Add Feature from Library
Allows user to add multiple features from any loaded library to the current
sequence.

Add Feature to Library
Add a new feature to a loaded library

Add to Library from History

Add a feature to a loaded library from the session history. The history contains
features that have been added or modified in any sequence during the current
GenePalette session. It also contains features that have been deleted from libraries
during the current session.

Modify a Library Feature
Use the feature-editor dialog to change a library feature.

Delete Feature from Library
Delete one or more features from a single library.

Rename a Library
Change the name of the library as it appears in the library selection tabs (for adding
features from libraries) and in the library selection dialog.

Create New Feature Library

Makes a new feature library. The user must specify a name and file under which to
save the new library.
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Load Feature Library

Load a feature library that has been saved. If a library is in the Libraries directory
under the main program directory, the library will be automatically loaded when
the program starts up.

Close Feature Library
Closes a selected feature library. The library will not be available for modifying or
using until it i1s opened again.

Save Feature Library As

All library changes are saved automatically to the original file that the library was
opened with. However, this option lets you save the library as a new file in a new
location.

808 WWW.CENEPALETTE.ORG (Unsaved)
File  Edit Sequence Feature Libraries GenomeTools  Window
Name: WWW.CENEPALETTE.ORG -ﬁﬁ-ﬁ.mnsuit
Length: 7 Current(bp): Modify Transcript
Start(bp): 1 -End{bp] Copy an Existing Transcript %]
— Delete Transcript F N
1 GATTACA EI

The Transcript Menu

Add Transcript
Adds a new transcript to the current sequence. Brings up a blank transcript-editor
dialog.

Modify Transcript

Make changes to a transcript that exists in the sequence. After the target transcript
is selected, the data associated with the transcript is loaded into a transcript-editor
dialog.

Copy an Existing Transcript
Makes a copy of transcript that is associated with the current sequence. This new

transcript has the word “Copy” appended to the old transcript name.

Delete Transcript
Allows the user to select multiple transcripts to delete.
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0006 Wiy did the chicken cross the road? (Unsaved)
File Edit  Sequence Feature  Libraries  Transcript JEOOITGRERTESE Window

M.ame Why did the chicken cross the road? Entrez Nucieotide Q (NLM)
Length: 357 Currantibp) A3 = Search Local Sequences by Gene Symbol
Startibp) 7] 'I:'ndlhpl 75 = Recatalog Local Genes

T LT L T S T T T T T T T rerecreeem - Load a Sequence by Gl

B4 ACTGACTGACTGLAGTOACTOACTCAGTACTCACTGCATGCTAGCTAGTCAGTOGA
167 GTAGCTATGCACACACACACACACALGACAGAGACGACGACCAGRITCTACTCATE

GTAGTAGT
B GTAGTAG Save GenBank Records and Sequences to Disk

e ——
The GenomeTools Menu

Entrez Nucleotide Query (NLM)
Starts cascade of dialogs that allows the user to search GenBank via the National
Library of Medicine’s Entrez Query.

Search Local Genes by Gene Symbol

Allows user to search all of the sequences stored in the GenBank directory and
immediate subdirectories therein for genes by gene symbol. If sequences have not
been indexed, this item will take the user through the indexing process.

Recatalog Local Genes

Performs the indexing of local genes. This process does not remove previous
indexes (You can catalog one genome at one point, and then add another genome
at a later point without losing the first genome).

Load a Sequence by GI#

Prompts the user for a GI# (See chapter 2) so that genes associated with the
sequence identified by this unique number can be selected for download into
GenePalette.

Reselect Genes from Previously Loaded Annotation

Allows the user to reselect genes from a parsed GenBank record that was loaded
by either of the above two ways. A session history of parsed GenBank records is
kept. Due to memory limitations, a parsed GenBank record is not added to this
session history if the sequence was loaded from a local source.

Reselect Sequence from Last Entrez Query

This accesses the list of sequences from the last Entrez query so that you can go
back and select a different sequence. This is especially useful if you want to
download both the mouse and human version of a gene.
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Save GenBank Records and Sequences to Disk

Search GenBank for records that you would like to download and save on disk so
that future access to both the parsed annotation data and sequence is rapidly
accelerated.

a B ﬂ hey drosophila (hey)

| File  Edit Sequence Feawre Libraries Transcript GenomeTools [NUIIGGM |
MName: _hey drosophila 1 ocho (brd-c)
Length: 5682 Currentibp) L 2 cg13636 (cgl3636)
Startibp) 5683 End(bp) 5683 Selectedibp) 3¢g13936 (cgl3336)

S147. GAAATATCATTAGTTATTCTCCCCCACARAATGATTTAGTGTAGCATTTCTCCCATTTTCTCGATTARTTTC | M drosophila (nla)
5230 CGTAAGCTTGACTATAATGGAGCCCCGTATCAATTTCAAMAALGTACATCAMATCGARAATTATARAAAGT > €O 14598 (cgl4598)
5313 GATTCOGCATGCTGTCGETCAGGTT TCGAGTGLGECAAGCAGCAMAGTGANMATGCCTARTGTCTAATGRCE B hey drosophila (hey)
5396 CAGTGCCAGCGTGOGACAMCTCGCTCCGAATCGECGRANCECALCCCAMTCAGTGRATGAATAGTGGCGORERNTTTGER

The Window Menu

This menu contains an item for each window currently open in the GenePalette
session. Just click on the line for the window that you want, and it will be brought
to the front.
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