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Overview

SRD (Sequence Relationship Drawing program) was developed in order to dynamically draw
plane undirected graphs for a wide range of sequence relationship visualization analysis, either for
nucleic acid sequences or for peptide sequences. Categories analysis is also supported, which
allows visualizing intra-category sequence relationships, extra-category sequence relationships
and category-category relationships in several specific windows, respectively.

The following picture is the overview of SRD main GUI window. The sample dataset used
here is a dataset of China envelope glycoprotein (env) gene of HIV sequences derived from
Chinese center for disease control and prevention.

Figure 1H. The main GUI of SRD.
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The main GUI contains several sub-windows:

Number  Window Description
QD Dataset selector A drop-down menu to select dataset to visualize.
2 Zoom selector A drop-down menu to set or return the zoom factor used for
displaying all graphs.
3 Inter-category drawing Used for drawing category-category relationships, which
window depicts Chinese province-province relationships in this
example since sequences in the dataset come from several
different provinces in China.
(@) Current sequence list Lists all sequence within the current category.
window
(5) Foreign sequence list Gives a list of all related sequences linked to the current
window category or to the selected sequence.
(6) Foreign  relationship Gives the relationship value of a selected foreign sequence
window in the “foreign sequence list window’.
@) Intra-category drawing The visualization graph for the current category.
window
8) Information window Dynamically displays the corresponding text information of
all generated graphs at a time.
€)] Extra-category A floating window to visualize another category related to
drawing window the current category.
First use of SRD



When the program is first started, users will find a Start Wizard to quickly access general
functions in the system. Novice users should follow the steps and click the commands in the
wizard window to perform their visualization.

Figure 2H. Start Wizard in SRD.
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To begin the visualization:

1. In the first step, create a 'Sequence Information Script File' to contain all sequences
information and their categories. Create a 'Sequence Links Script File' to contain the relationship
values between each two sequences. Import the two script files into the system using the 'Import
New data' dialog.

@ To open the 'Import New data’ dialog, click 'Import New data’ command in the 'File' menu.

@® If one would like to visualize all sequences as a whole, i.e., not perform the partition into
several categories, assign all sequence to one same category.

2. (This step is optional) Manually rearranged the graph for each category by mouse-dragging
the sequence vertices to make the graphs more beautiful, using the ‘Set intra-category graph
layout’dialog. In this dialog, we also can export objects into a text file for layout by other software
tools, and import the layout generated by other software tools.

@® To open the ‘Set intra-category graph layout’dialog, click 'Set intra-category layout'
command in the 'File' menu.

3. (This step is optional) To vividly depict different categories, create a picture (called Categorys
Map) using any image creation and editing tools, such as MS Paint, Photoshop, Fireworks, etc., in
which each category has an icon on it. Import the picture using the 'Set categories map' command
in the “File” menu.



4. (This step is optional) Using the “Set categories and category-category layout” dialog, set hot
spots for each category on the Categorys Map imported in the previous step. You can further add
or delete categories in this dialog.

([ To open the ‘Set categories and category-category layout’dialog, click 'Set
category-category layout' command in the 'File' menu.

Sample datasets are available on the website.

The ‘Sequence Information Script File format

Users must create a “Sequence Information” script file that contains all sequences and their
categories in the dataset. “Sequence Information” script file adopts a format as a FASTA file that
begins with a single-line description, followed by lines of sequence data.

The description line is distinguished from the sequence data by a greater-than (">") symbol in
the first column. There should be no space between the ">" and the first letter of the identifier. The
description line must exist for each sequence while the rest sequence data lines are optional. The
description line must adopt a specific format with several fields separated by a “|” character or a
“<Tab>" character. The format of the description line is as follows:

>[SID] | CategoryID | SeqID | [IsVirtual] | [Caption] | [Memo]
, where fields in brackets are optional and can be omitted. Each sequence must be assigned a
unique zero-based identifier number called SID. Note that SID can also be omitted and be
generated by the system, but the “|” or “<Tab>" character after SID must exist.

Figure 3H. A sample of ‘Sequence Information Script File’.

»154|JL|5691. TA14|0] 1998 ]
TAGTACAz TTGAAtGAACTG TAGALATTALL TG TAC alGA-COCAMCAACARTAT ALGA AALAGTATACATCTAGGAC
CAGGECAA-GCATGG TATAC AMCAGGACALATAATAGGAGA TATAMGACAAGCACATTG TAACATTAATAr A—ACALAL

TEGAATACACTTTA-aGh-ch GATALCTGAALAATTANS f—————! GhaCAaTTTggg———— aachAAbACAATAL
tCT TT———AltCalTCT———TCAGGAGGEGACCCAGAGAT TG TAATGCACAGTTTTAATTCTE GAGGGGAATTTTTC-
—TACTGTAATACATCAchaCTGTTTaat agtacttggaataatac tagt acttggaat

gatactacaggagat agohdtAToAC G—-CTCCCTTGCAGAATALACEA——ATTATALACATG-TEGCAG-GALGT
A5G- AAAGCA-ATG-TATGCCCCTCOCAT T- a6 MGG A-caadTTAz A~ TG TTeATCA-ALTATT ACA——GGGTTG
cTATTAAC ARGAGATGGTGGT Tit bt —GAgidcdaG—ACcACCG
AN——ACC— TCANA-CC T-GHAGG A-GG

+155|JL|5692. TA15|0] 1998
TAGTACAZCTGAAtGAATCTG TAGALATTAL TOTAC adGA-COCAMCAACAATACALGA AALAGTATACETCTAGGAC
CAGGHCAA-GCATGG TATAC AMCAGG ACARATARTAGGAGA TATARGACAAGCACATTG TAACCTTAG TAzh-ACALAL

TEGGATALCACTTTA-ald—ch GATALCTGAALAATTANS f—————! GhaChaTTTggg————— aachAAbACAATAL
tCT TT———AltCalTCT———TCAGGAGGEGACCCAGAGAT TG TAATGCACAGTTTTAATTGTE GAGGGGAATTTTTC-
—TAC TG TAATACATCAchaCTCTTTaatagtacttggaatsgtac tagt acttggaat

gatactacaggaaatagohCtAToAC G—-CTCCCTTGCAG AL TALAMCAC——ATTG TARACATG-TEGCAG-GALGT
A——GGG— AAAGCA-ATG-TATGCCCCTCOCAT T- a6 MGG A-cAaATTACA- TG TToATCA-ALTATT ACA-——GGGTTG
cTATTAAC ARGAGATGGTGGT Abt ALt -GAZAG At T——ACcACCH
AG——ACC TTCAAL-CC T265 AGG A-GG

>155|JL|5593.7515TD|1993

TAGTACAz TTGAATGAATCTG TAG TAATTALL TG TAC alGA-COCAMCAACABTAT ALGA AALAGTATACCTCTAGGAC
CAGGHCAA-GCATGG TATAC AMCAGG ACARATARTAGGAGA TATARGACAAGCACATTG TAACCTTAG TAgh-ACALAL

TEGGATALcACTTTA-alh—ch GATALCTGAMLAATTAN——————I GhaChaTTTagg—————— aachAAbACAATAL
tCT TT———AltCalTCT———TCAGGAGGEGACCCAGAGAT TG TAATGCACAGTGTTAATTGTE GAGGGGAATTTTTC-
—TAC TG TAATACATCAchaCTCTTTaatagtacttggaatsatas tagt acttggaat

aatactacaggagatagoldt ATcAC G———CTCCCTTGCAGAATALANCAN———ATTGTAMLcATG-TCGCAG-GAAGT
A——GGG— A - A TG-TATGCCCCTCCCAT T-aG AGGA—c A a TTAz A-TCTTcATCA-AATATT ACA—GGGTIG
cTATTAMCAMGACATGGTGET ——AalGa-ATg-AGalCaCoG——ACcACCE
AG——ACCTTCARL—CCT e Gl AGG LG

>157|JL|5694.TE]T?D|1993

TAGTACA TTGAAt GAAtCTGTAGALATTALt TGTACAAGA-COCALCAMCALTACAMGS A0AAGTATACATCTAGGAC .:J




The category each sequence belongs to must also be given by a string identifier (a string not
more than 50 characters), which is called CategoryID. The field SeqlD can be the name or the
database ID of the sequence (e.g. a gi number of NCBI, a PDBID of PDB database, etc). IsVirtual
indicates it is a virtual sequence (=1) or not (=0). Caption is a text string that describe the
sequence (could also be none). Other corresponding information can be included in the field
Memo.

Another example with SID being omitted of such file is as follows:

>|c1|Seq 1|RANDOM 4954
CTCAAGAGTACGGCCTCTAGGTCAAACCGTACTTTTTCGTGGTGGATTGATAACTTCGGACGATGTCGCATCAGGTCGTG
ATTTTCGTTTGAACGTTTGTACATCATGCGCGTTAGGGAGGTGTGGCTCCTCAACGTTTTCGAGTCAAGTCCCTTCATAG
ACGTCCGTCGATCTTATCGA

>|c1|Seq 2|RANDOM 5537

ACTCTCCGTCGAATCAGCTGAATGCAATGTGATTGTGCGTACATTTTCTGAGCAC

>|c2|Seq 3 |RANDOM 1622
CCCAAACTCCACCAGCCGATTTTTCTACAATTCTCCCTTTTTTGGACATCGGGTGGGGGGCAACCGTAAGCCCGGAATTT
GAGGGCGCGCAAAAACCCCGGCACCCGCACC

>|c2|Seq 4 |RANDOM 6623
CTTGAGCGCCTGCGGTGGAAGAGTAAACCCAATGAATTCCACCGTCCTGATAGTCCTGTCATCCGGACCCCGCGCCATTG
AGTC

>|c3[Seq 5|RANDOM 8121
TTGTTTAGAGTTTATCCACGCATACTCCGTCGCAAAATTATTGAGCTCCCCTAAGGCCATGCCATCATCCCACTAAACCA
ACGTACAAGTGATAGGCATTCCGAAACGAATGTTTGCGAACCC

Note that the “|” character after “>" must exist, since ‘[SID]’is omitted. The “c1”, “c2”, “c3” is the
IDs of the categories, which should be no more than 50 characters (we partitioned all sequence
into 3 categories in this example). “Seq 1", “Seq 2”, “Seq 3", ... are Sequence ID and.
“RANDOM_4954”, “RANDOM 5537, ... are captions in this example.

The separator “|” can also be “<Tab>" like the following example:

» cl Seq 1 0 EANDON_4954
> cl Seqg 2 0 EANDOM_ER3T
i o) Jeg 3 1 EANDOM_ 1622
2 cZ Seqgd 0 EANDON_B623
? o3 Seqg B 1 EANDON_5121

In this example, we omitted the sequences. And a sequence “Virtual” or not is given (1 presents
virtual, O presents not).

The sequence ends if another line starting with a ">" or end of file (EOF) appears.

The script file is text-based and can be created and edited using any text-processing tools or
by simply pasting from some other software tools, such as Excel, Orgin Pro, or Matlab. Note that
text pasted from Excel is separated by a “<Tab>" character. It can be imported directly into the
system by the “Import New data’dialog provided by SRD, which is activated by mouse clicks



throughout the entire importing process. An input module of the software will automatically detect
the file formats and an internal syntax analyzer will give back any error information. When the
input process completes, the parser recognizes the text and stores all the information into the
background database along with the application.

The ‘Sequence Links Script File format

Users must create a “Sequence Links” script file that contains relationships between each two
sequences. Both the script files are text-based and can be generated and edited using any
text-processing tools.

‘Sequence Links script file’can adopt one of the following format:
® Matrix format: a NxN matrix separated by spaces in each line. The separator can be one

space or several spaces or even Tab, which is useful to load a table style text file.

Figure 4H. A sample of ‘Sequence Links script file’(Matrix format)

0 0 0.1887 0.173 O 0. 1887 O 0.1956 0 0 0 0 =
0 0 0.2046 0.2209 0.2158 0 0.2076 O 0.1676 0 0.221 O

0 0 0 0 0 0 0 0 0.2121 0.2148 0 0.2023

0 0 i 0 0.1883 0 0.1841 O 0 0.2281 O 0. 1735

0 0 0 0 0 0.2203 0.2242 O 0 0 0 0. 1888

0 0 0 0 0 0 0 0 0 0 0 0

0 0 i 0 i i 0 i 0.2077 O i 0

0 0 0 0 0 0 0 0 0 0 0 0.2004

0 0 0 0 0 0 0 0 0 0.1655 0.194 O

0 0 i 0 i i 0 i 0 0 0. 1873 0. 1898

0 0 0 0 0 0 0 0 0 0 0 0. 1759

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 | |
0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 =
1] | v

® Relationship lines format: each line indicates one relationship and its value between one pair
of sequences. For instance, if sequence SID1 and sequence SID2 has a relationship value V,
the corresponding line should be:
SID1 SID2 %



The separator can either be a “Tab” or any number of spaces. SID1 and SID2 must be consistent
with the ones in the ‘Sequence Information script file’.

Figure 5H. A sample of ‘Sequence Links script file’(Relationship lines format)

0 é 0. 1887 =
0 3 0,173

0 = 0. 1887

0 T 0. 1956

0 14 0, 1936

0 15 0. 1678

0 17 0. 1701

0 18 0. 2004 ot
0 19 0. 1754

1 2 0. 2046

1 3 0. 2200

1 q 0. 2168

1 & 0. 2076

1 E 0. 1675

1 10 0. 221

1 12 0.1673

1 13 0. 2006

1 14 0. 2139

1 17 0. 2201

1 19 0. 213

2 = 0.2121

2 = 0. 2146

2 11 0. 2023

2 12 0, 2262

2 16 0. 2254 _:J

The script file is text-based and can be created and edited using any text-processing tools or
by simply pasting from some other software tools, such as Excel, Orgin Pro, or Matlab. It can be
imported directly into the system by an interactive “Import New data’dialog provided by SRD,
which is activated by mouse clicks throughout the entire importing process. An input module of
the software will automatically detect the file formats and an internal syntax analyzer will give
back any error information. When the input process completes, the parser recognizes the text and
stores all the information into the computerized database along with the application.

Import new data to visualize

To start a sequence relationship visualization, sequences and the relationship values must be
imported into the system. Users must create a ‘Sequence Information script file’that contains all
sequences and their categories in the dataset and a ‘Sequence Links script file’that contains
relationships between each two sequences.

Import both the script files using the “Import New data’dialog.

® To open the ‘Import New data’dialog, click “Import New data’command in the

‘File’menu.



Figure 6H. The “Import New Data™ dialog
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Click ‘Import sequences’command to import a ‘Sequence Information script file’. Then click
‘Import Links’to import a ‘Sequence Links script file’. Data set ID (DstID) will be asked when
click the commands. Please Input a string no more than 50 characters as your dataset ID. The
dataset ID you input must be consistent (the same) with the two askings when you click the two
commands separately.

When the ‘Sequence Links script file’importing is complete, graphs layout for all categories
will be performed automatically (automatically set vertices coordinates of all sequences) and data
structures will be optimized for fast running.

Note:

1). Before importing, users can define all categories (CategorylD and CategoryName) in the “Set
categories and category-category layout” dialog. If so, the CategoryID in a ‘Sequence Information
script file’must be consistent with that defined before. Users may also define no categories before.
If so, the categories will be defined automatically according to the categories each sequence
belong to from the ‘Sequence Information script file’.

2). When importing new data, if a Data set ID (DstID) a user inputs already exists in the system,
the previous dataset will be overwritten. And the system will ask the user if he want to do so.

3). To visualize new data, please click “Delete all categories” command in the “File” menu to
delete all previous data and then import new data.

Intra-category graph drawing

An intra-category graph is used to depict all sequences and their connections within a
category (the current category). Unlike some regular graph drawing software, in which the
location of an object is fixed, SRD provides an interactive dynamic drawing by using a hot spot
technique jointly with a user-steered object location.



Figure 7H. A Categories Map and the categoriy hot spots on it.
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Categories are displayed graphically as a user-defined beautiful picture (Categories Map) in
the “inter-category drawing window’. The picture has a hot spot for each category, which is also
user-defined. When a user clicks one of these hot spots, the corresponding category becomes the
“current category”, and SRD displays all the sequences of the category and their connections
simultaneously in the ‘intra-category drawing window’.

In intra-category graphs, each sequence is represented by an open circle except for the virtual
ones, which are displayed as black solid circles. The number marked in the middle of the circle
denotes the SID of each sequence. For clarity, only SID is printed in graphs, other properties such
as SeqlID, Caption, sequence strings, etc. are not printed. However, full details are available in the
‘current sequence list window’. On the other hand, SRD provides a hot spot for each sequence
vertex. When a user’s mouse moves onto a vertex circle, the mouse pointer changes to the pointing
finger shape and the cursor returns the SID, SeqlD and caption of the corresponding sequence in a
ToolTip text box.



Figure 8H. An intra-category graph generated by SRD.
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The reticulate relationships between each pair of sequences are displayed as connection lines
labeled with the relationship values at the middle of the line. The minimum and the maximum
relationship values are calculated and the corresponding connection line is drawn as red color and
blue color, respectively. This is useful for the user to find out the minimum and the maximum
relationship and acquire the value range at a glance.

Figure 9H. Select a sequence and display edges separately in an intra-category graph.
(The sequence with SID=187 is selected in this example.)

Jiin DstID=total NurnSegs=5
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When there are a large number of sequences and a large number of relationship links, connection
lines will mix up together. To overcome this problem, separate edges displaying is supported in the
system. Any sequence can be selected by clicking on the corresponding vertex. When a sequence
is selected, the corresponding vertex is highlighted with a particular color, and edges only linked
to the selected sequence are drawn, other edges are omitted. The minimum and the maximum
relationship values are re-calculated and colored lines are also re-marked according to the current
lines drawn. When users click anywhere else of the graph, all connection lines will display
together again. Which part of the edges to be displayed depends on the user’s selection.
Furthermore, sequence selection displays synchronously with the ‘current sequence list
window’. When a sequence is selected in the graph, the corresponding item in the list window is
highlighted and brought into view automatically, which is useful for a user to check the detail
information about the selected sequence. Conversely, sequence items in the list window are also
clickable and selectable, when an item is selected, the corresponding vertex in the graph will be
highlighted automatically and the drawing window will be scrolled if necessary to make a view of

10



putting the vertex circle in the center. This is very useful for a user to find out the vertex of a
specific sequence in the graph from the detail list.

Figure 10H. Details of sequences within the current category are list in the "current sequence list

window'.
Wirtual
Jilin REA1.7R14 i) .
@ 185 Jilin BE92.7E1E Mo 19598 TAGTACAGCTGAATGAATCTGTAA. .
Q 156 Jilin BE93.7E1E Mo 1958 TAGTACAGCTGAATGAATCTGTAL...
ﬂ 157 Jilin BE94.7E17 Mo 1958 TAGTACAGCTGAATGAATCTGTALG...
#2158 Jilin BEIR.7E12 Mo 1933 TAGTACAGCT GAATGAATCTGTAL... Ll

Category-Category graph drawing

The intra-category graph shows sequences and their relationships within one category.
Another undirected graph is provided in SRD in the ‘inter-category drawing window’, with each
category as a vertex, to depict category-category relationships.

The category-category graph is somewhat different from the intra-category one, although
both of them are undirected graphs. Firstly, the fact that a category linked to another only denotes
that there exists some relationships between the sequences within the two categories, so we
needn’t define a category-category relationship value and therefore no value will be labeled on the
connection lines in the category-category graph. Moreover, when drawing an intra-category graph
to illustrate sequence relationships within the current category, at a larger scale, the user will want

Figure 11H. A category-category graph.
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to see whether and how her current category are related to someone else. At this scale, in the
category-category graph, it should be straightforward to display edges that only linked to the
current category, while other edges should be omitted at the moment for clarity.

In SRD, when the current category is selected by clicking the corresponding hot spot in the
Categories Map, an intra-category graph is generated and simultaneously, edges linked to the
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current category are displayed as several red lines in the ‘inter-category drawing window’. At the
same time, the ‘foreign sequence list window’is also filled with some sequences, which are called
“Foreign sequences” since these sequences listed here denote that each of them is related at least
to one of the sequences within the “Current Category”. The relationship values can be shown in
the “foreign relationship window’when a foreign sequence is clicked in this window. It is useful to
get a detail list of related sequences in other categories while visualizing an intra-category
relationship.

Figure 12H(a). Foreign sequences are list in the ‘foreign sequence list window’.

Foreign SID I Category I Seqll I Virtual I Caption I Sequence I Mema I AI
QSQ BH 1385. 1098 He 2005 TAGTACTA. . .
850 BH 1438 1143 He 2005 TAGTACTA. . .
gTD BH 1576, 1187 He 2005 TAGTACTA. . .
8 119 BH 1616. 1308 He 2005 TAGTACTA. . .
8 142 Hh 5039.6T38 He 1996 TAGTACTA. . .
8 155 JL S692.TB1S  He 1995 TAGTACTA. . . -

Figure 12H(b). Related sequences and their relationship values of the selected foreign sequence
will be shown in the *foreign relationship window'(right).

| Foreign 510 I Category I Seqlll I ‘.I'AI in current categor Similarity/distance

r P " r—
£ 50 AH 1486 1143 W | |34 132 16

48 70 H 1576, 1187 W | |§8F 34 133 12

48119 H 1616, 1308 H— |8 34 135 g

8142 HA 5039.5738 N

i o

There is also a mechanism to get extra-connections separately, i.e. to get extra-connections
only linked to the selected one sequence in the current category rather than all of them. This can
be simply done by selecting one sequence by clicking on the corresponding vertex in the
‘intra-category drawing window’or clicking the corresponding item in the ‘current sequence list
window’. As mentioned in previous section, this will lead to the selected sequence vertex to be
highlighted and connection lines displayed separately in the intra-category graph. At the same time,
this will also affect extra-connections. Category-category edges and foreign sequence list will also
be altered automatically according to this selection. Once again, how extra-connections are
displayed depends on a user’s selection. Combining this feature with intra-category graph provides
a macroscopic understanding of sequence relationships.

Figure 13H. The foreign sequence list is altered automatically when a
sequence with SID=133 is selected by clicking the corresponding vertex
in the ‘intra-category drawing window' or clicking the corresponding item
in the ‘current sequence list window'.

Foreign 511 I Seq 1oL curl
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Extra-category graph drawing

Continue with the previous section, when a user sees several red lines in the ‘inter-category
drawing window’, hot spots of all linked categories are assigned a new functional property. With
mouse moving onto the hot spots, users will find that the ToolTip has been changed by being
added a new line of text: “Right click to depict sequences in related category”, which can not be
found on normal category hot spots. If a user right-clicks one of them, the extra-category drawing
window will be animated from small to big to become visible in the main GUI. The animation
indicates the opening of the right-clicked category. An extra-category graph has been generated in
this window, in which sequences and the relationships between them in the right-clicked category
are illustrated, just similar as that in an intra-category one. This is a particularly important point
for interactive graphic displays, which is useful for a user to visualize the detail foreign sequences
and relationships in another related category.

Figure 14H. Hot spots of all linked categories are assigned a new functional property.
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An extra-category graph has most the same characteristics as an intra-category one, such as
circular vertices, connection lines, hot spots, etc. Sequence vertices are also clickable to draw
connection lines separately. A special characteristic of an extra-category graph is that vertices of
all foreign sequences in this graph are filled with a particular color, which denotes that there are
some relationships between them and the current selected one. Furthermore, SIDs of related
sequences and relationship values can be displayed in the prompt ToolTip text when mouse
moving onto the foreign sequences vertices, which allows a user to quickly get the information
about which a colored sequence is linked to and how about the relationship values.

Alternatively, another way to open the ‘extra-category drawing window’is to click one of the

13



Figure 15H. An extra-category graph.

Craizhon DatlD=total MumSeqgs=5

items list in the ‘foreign sequence list window’. In this way, the drawing window will scroll
Figure 16H. Cursor gives the linking information when mouse moves onto a foreign
seguence vertex.

Cruizhon DstlD=total HumSeqgs=5

16E (4828 B517T, 1995
Lirkz to the zequence 13T (walue=. Z045) in cluster Henan.
Double—click to show outer—ecluster links

automatically to make the selected sequence into view.

Moreover, this window is a floating window, which is always placed above and can be
dragged to anywhere in the main GUI of SRD. It can be closed at any time by clicking the “close”
button at the top-right of the window. Animation is used again when the window disappears as it
returns to its corresponding category.

Recursion extra-intra categories

As mentioned above, it is easy to view category-category relationships and to generate an
extra-category graph. However, although clicking a sequence in an extra-category graph can
control edges displaying separately, there is no effect on category-category relationships and
foreign sequences, which is different from selecting a sequence in an intra-category graph. This is
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because there can be only one “current category” at a time, and category-category relationships
and foreign sequences are relative to the “current category”. But sometimes, one may concern
about the category-category relationships and foreign sequences relative to the extra-category,
rather than “current category”, when he is looking at an extra-category graph.

The proposed software adopts an “extra-intra category transferring” technique, which have
combined these three perspectives to create a highly integrated multi-window visualization in the
SRD environment. This can be simply done by another mouse action—double click. A double
click on one vertex in the extra-category graph leads to a “current category transferring”. The
‘extra-category drawing window’is animated from big to small again but to disappear at the
middle of the ‘intra-category drawing window’, which indicates that the current category now has
become the one previously in the extra-category window. The double-clicked sequence is then
automatically selected in the now ‘intra-category graph’. All other windows are changed according
to the new current category and the new selected sequence.

One may right-click a related category again to open the ‘extra-category drawing
window’and double-click a sequence in this window to make a second extra-intra transferring.
Then right-click another category, and transfer again ... This recursion is helpful to trace a
sequence relationship path between different categories, especially in investigating a revolutionary
path between different organisms or investigating a disease transmission path between different
places.

Fully customizable interface

To cater to the broadest array of biological scientists users, the program is fully customizable
for categories definition, category-category map picture, all vertices locations and even help
document.

Categories definition

To make categories definition, click the ‘Set Category-Category Layout’command in the
‘File’Menu. A category list will be shown at the right bottom in the displayed dialog. Click the
‘Add’or ‘Delete’button to add a new category or delete the selected category in the list.

Set Categories Map
To customize a category-category map, click ‘Set Categories Map’command in the
‘File’Menu. Choose a picture as the map. Any picture with bmp, jpg, gif format is supported.

In the example, we choose a China map as the category-category map; because we partition
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all the sequences to several Chinese provinces.

Re-layout objects in each intra-category graph

Click ‘Set Intra-category layout’command in the ‘File’Menu to open ‘Set intra-category
graph layout’dialog.

Then choose the dataset (DstID) and the category in the two drop down menus bellow. The
dialog presents the sequence list in the selected category and illustrates the undirected graph to
users graphically. All objects coordinates can then be adjusted by loading layout files generated by
other tools or by user’s mouse-dragging in this graph. Click ‘save’button to save all the changes to
the database.

Figure 18H gives an example of dragging objects to set layout. Figure 19H gives an example
of import layout generated by Cytoscape.

Figure 18H. Re-arrange objects in each intra-category graph by mouse-dragging.
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Figure 19H. Layout graph by using algorithms in Cytoscape.

Set intra-category graph layout = |n]5|
DeID: e = File B&it Tim S 37 = ;
Category: [t | BE S QE ceate E_‘E -}'j [ st - ’
Alige i Bagtritens - g wli,
[ 116... 45 240 10 3 Betweck | VdMagper| . Sattings S
1 u9.. 40 1. 10 — L %
2 e, 320 1. 10
3 120... 445 1... 10
4 120... 240 1... 10
5 120... 335 160 10
& 121, 125 1., W
T 2., 8 1. 10
g 122... 45 480 10
g 122 %5 1. 10 =l
| Import layout |
Swe | Discwra |

(e) The Layout generated
by Cytoscape

ort Network asd Fdge dttribates fros Table

£ Tap £
e
Import Network from Table

et Samrees
Wpfie e ST Mg dend®

Tatarwitisn Jofinitie

Lource Iateraciion interaction Type Target interactson
Column 1 = 4F Cetaitinteracton ~ « TR
() Goromns in BLUE wit e foaced 33 EOGE ATTRBUTES.

Avarcea

[ hee Tows Fudn Togers Optinma
B (£) Output the Layout
23] rextrne Lo Cieic EnacieDisatie Column, Roght Clicic 0 Cohamn from Cytoscape in gml or 4]
Fetadaperttrmiid 1t | xgmm] file. &'-

Woolumni o Commni o Celumnd
) o7 []

(b) load the exported data file
into Cytoscape.
Select "Column 1" in Source
selector, and "Column 2" in
Target selector.

=
_'I_I&Ix_ml ard

(c) Data loaded in Cytoscape (g) Back to SRD, click the Tmport layout' button to load the gml or xgmml file

Re-layout category-category graph

Click the “‘Set Category-Category Layout’command in the ‘File’Menu. Select a category in the list
at the right of the dialog displayed. Then click mouse at somewhere in the picture map at the left
to draw a proper circle to set the hot spot range for the category.
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Figure 20H. Set hot spots for categories.
Itis setling a hot spot for category 'Guangxi' in this figure.
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User-defined help document

SRD allows importing a user-defined available RTF (Rich Text Format) file into the system as a
help document, in which information appears as color-coded text. The RTF file can be generated
by most word-processing software, such as Microsoft Word, Windows WordPad, Open Office, etc,
and saved as a RTF file. The RTF format help file can then be further imported using the *Import

Figure 21H. A Help document displaying as RTF format.

i Help document =10l x|

Sequence relationship drawing
Help Document
The Help Document is meant to be a wery basic guide to help ...
[Please edit wour own help document by a word-processing
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document” to import it to the swstem]
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help document’function in the help menu. The help document can be displayed in another window
by clicking the ‘help’function in the help menu or press Ctrl+F1.

Splitting sub-windows in different views

The main GUI of SRD composed of several sub-windows. Users are enabled to drag the
common border of each two adjacent windows to resize each other. If the dragging horizontal
border up and down, or dragging vertical border left and right, the border's orientation can be
changed from horizontal to be vertical, or vice versa. This can be used to re-arrange the
sub-windows layout of SRD.

Figure 22H({a}). Drag border to resize sub-windows and re-arrange windows layout.
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Figure 22H(b). The border can be draged from vertical to horizontal to re-arrange
windows layout.
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Figure 22H(c). A new re-arranged sub-windows layout.
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Results Export

Finally, for the purpose of input to other applications or the purpose of further analysis, the
capacity to output results is essential. The output layer is able to directly write contents in all list
windows to files, copy any graphs into the clipboard and save pictures as BMP (bitmap image
format) files. These can be done by a simple mouse right-click in most windows of the main GUI,
and choosing the corresponding functions in the pop-up menu.

To efficiently view the results generated by SRD, text output is also supported as
complementary to the graphical drawings. A text file can be generated to describe current graphs
by clicking the ‘Output Text Information’function in the ‘edit’menu. The text file is structured so
as to be usable by human readers as well as by computer programs. It is composed of different
types of lines, each with its own format, which are used to record the various types of data. Some
files will not contain all of the line types, and some line types may occur many times in another
file, this depends on the user’s selection in graph drawing window.

A terminator line (//) designates the end of the file.

Figure 23H. An output text file generated by SRD.

oo HIUW -
CH By SRR Wer=3.1
oT 2E10-3-31 13:41:03
LHH Wl
SH 158 5691.761% Vir=Ho 1998
=1 TRAGTACAGCTGAATEARTCTETAGARAT TARTTETECRAGACCCAACARCARTACARGARAARGTATACATETAGEACEA
A0 CLGCARGCATEETATACARCAGCACAARTAATAGEAGATATARGACAACCACATTCTARCCT TAGTAGARCARAATEGAR
k1] TRARCACTTTAAAACAGATAACTEAAARART TRAGACARCAATT TEEGAACARAACAATAGTCT TTRATCARTETTCAGGAG
i BLGACCCAGAGATTETAATECACAGTTTTARTTE TEGAGEEEART TTTTCTACTETARTACATCACAACTLGTTTARTAGT
=0 ACTTEEARTGATACTAGTACTTEEARTEATACTACAGEAARTAGCAATATCACECTCCCTTECAGRATARAACAAATTET
1) AARCATE TEEEAGC ARG TACECARAGCARTETATCCCCETECCAT TECAGEACARNT TAGATET TCATCARATATTACAG
i CLTTRCTAT TAACAAGAGATEETEETARTAATEACAACARBACCACCEACACCTTCAGACCTECAGGAGE
ZH 155 S692.761% Uir=Ho 1998
1) TAGTACAGETGARTCARTCTETARAAAT TARTTE TACAAGACCCARCARCARTACARGARACAGTATACETETACEAGER
k11| CLGAAAGCATEETATACARCAGCACARATARTACCAGATATARGACAAGCACATTETAACCT TAGTAGARCAGAATEGAR
=0 TRACACTT TRGAAAAGATAACTCRARART TRAGAGARCAATT TEAGAACARRACARTARTCTTTRAATCAATCT TCAGGAG
1 EECACCTACAGATTCARRATECACAGTTTTRAATTETECAGEECARTTTTTCTACTETARTACATCACAACTETTTAATAGT
k1] AETTEEARTGATACTAGTACTTRCAATCATAATACAGEAARTCACAATATEACEETCCCTTEEAGAATARAGCARATTET
=i AARCATETEECAGE ARG TAGEEARAGCAATETATECCCCTCCCAT TEARGEACARNTTAGATET TCATCARATATTACAG
10 GRTTECTATTARCARGAGATERTEECAT TARATEAGAGEEAEACCACCEAGACCTTCATACCACEAGEALE
SH 156 5693.7616 Uir=Ho 1998
50 TAGTACAGCTGAATCARTCTETAGTAAT TARTTETACAAGACCCAACAACARTACARGAARARGTATACTCTREGEACCAG
=0 GLARRACATGETATECARCAGGACARATART AGEARATATAAGACARECACATTETARCATTAGTAGARAAGCTTGEART
1) AARACTTTAGARCACATARC TRARARAT TRAAGAGRACAATTTECEAACAARACARTARTETT TARGCARCETETTOCAGG
50 AL EEACCCAGAGAT TG TAATECACAGE TTTAAT TR TCGARGGGAATTTTTETACTCTAATACATCACARCTGTTTAATA
i CTACTTECARTFATACTAGTECT TECARTCATAC TACAGGAAATCACACTATCACECTCCCT TRCAGART AAGACARATT
1 CTRARCAGCTEECACCAAGTALCEARACCAARTETATCECEC TCCCAT TACAGEAC TAAT TACATETECATCARATATTAG
k11| AGGETTEETATTARCARGREATGRTEGETGT TAATEARACCARTARTACCACCGACACCT TCACACCTEEAGGAGE
EH 157 5694.7617 Uir=Ho 1998
0 TAGTACAGCTGAATEARTCTETAGARAT TARTTETACAAGACCCAGCARCARTACARGCARAARGTATATCTETAGEACEA
51 CLEEEAGCATEETATCEARCAGARGARATARTAGCAGATATAAGACARGEACATTCTGECCTCAATAGCACARARTEEAR =
L] i
Atext file generated by SRD is composed of different types of lines.
Types of lines Description
DD Current dataset ID (DstID).
CM Comments.
DT Date and time when generate this file.
CG Current category.
SH Sequence header (a sequence description followed by lines of sequence
data).
SQ Lines of sequence data.
LS The links is related to all sequence or to the selected sequence.
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LH
LK

1

Link header (a link description followed link information)

Link Information including the pair of two sequences with their relationship
value.

End of file.
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