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ACCESSING ANTELOPE
Antelope 1s freely accessible and can run either remotely or locally.

Remotely Antelope is available at the following web address:
http:/turing.iimas.unam.mx:8080/AntelopeWEB and the only software requirement is a
web browser connected to the internet (No additional software needs to
be installed).

Locally Antelope is downloadale from the same web address and the only
requirement is Java version 1.6 or higher. Starting Antelope locally takes
approximately 33 seconds in a computer with 3GB in RAM.

ANTELOPE’S SCREENS

Antelope has four different screens: (1) The main screen, (2) the results
screen, (3) the formula properties screen and (4) the edit and create
properties screen. We will now explain each screen.

MAIN FUNCTIONS
1. Models

Before you can work and analyze a model with Antelope, you must select
a model to work with. Antelope has two options. You can use a number
preloaded models. Among these models there are two important ones:
flower GRN [1] and root GRN [2], both for the model plant Arabidopsis.
You can alternatively upload your own model. These options are in the
main screen (see figure 1).

1.1 Selecting a preloaded model

The preloaded models have been published before, so more details about
these models are available in Espinosa-Soto and collaborators (2004) [1]
and in Azpeitia and collaborators (2010) [2]. If you are not interested in
these particular models you can still use them to test Antelope. Figure 1
shows the location of the option “Choose a gene regulatory network™ on
the main screen. To choose one of the preloaded models, click on the
drop-down list and select a model. Once you have chosen a model you
can begin analyzing it by clicking submit.


http://turing.iimas.unam.mx:8080/AntelopeWEB

Choose a gene regulatory network: Flower gene regulatory network

egulatory network
Root gene regulatory network
Oscillations

Choose a property:

Select a mode:

=l

Preloaded models

=
Upload a gene regulatory network [ Upload a new model
L'm s CUSIOM properne

® Exit from Antelope

Figure 1. Selecting a preloaded model. The drop-down list with preloaded models is

framed in red.

1.2 Uploading a new model

In Antelope models are stored in plain text files. See Section “Format of

Models” for details.

To upload a new model click on the “Upload a gene regulatory network”
option shown in figure 1. The screen changes to the one in figure 2,

where you can choose a model from your hard disk.



Upload your gene regulatory network: -’i.xamknar... b,
Choose a property: | Stable steady states (cycle of size 1) E‘i
Select a mode: | Synchronous 3
Submit
Or, you can:

® Use a predefined gene regulatory network
® Define / edit custom properties
® Exit from Antelope

Figure 2. Upload a file. The window for the new model is framed in red.

Once you have selected the file to be loaded, the screen will change to the
one shown in figure 3.

Upload your gene regulatory network: fUsers,-‘eugenioazpeitiafDocumentszaiz,’Reg!."- Examinar.. ‘

Choose a property:

Select a mode:

Or, you can:

® Use a predefined gene regulatory network
® Define / edit custom properties
® Exit from Antelope

Figure 3. New model selected. The new model is framed in red.

2. Using preloaded properties

We have preloaded some formulas for the fundamental analysis of
models. Examples are stable steady states, unstable steady states and

cycles of various sizes.

The preloaded formulas can be used from (i) the main screen, (ii) the
results screen and (iii) the formula properties screen.

2.1. Using preloaded properties from the main screen



To use a preloaded property from the main screen choose it from the
drop-down list “Choose a property” (see figure 4). The information about
the formulas is in the formula properties screen; see section “Edit or
custom properties” for details.

Upload your gene regulatory network: /Users/eugenioazpeitia/Documents/Raiz/Regli( Examinar... )

Choose a property:
Select a mode: Unstable steady states (cydle of size 1)
Cydle of size 2
Cydle of size 3
Cycle of size 3, distinct intermediate states
Cydle of size 4
: Cycle of size 4, distinct intermediate states
O yout ow Membership to a cydle of any size
® Use a predefined gene regulatofy | More than one successor
® Define / edit custom properties %

® Exit from Antelope
l;igure 4. Selecting a query. The drop-down list of properties is framed in red.
2.2 Using preloaded formulas from the results screen
After getting the results of the first query it is possible to make a new one.

Use the drop-down list of the results screen (figure 5) and click on the
“submit” button.

Uploaded file name: FlowarGRN.th]

Property: Stable steady states (cycle of size 1): Is. AX s
Mode: Synchronous

Met loading (BOD construction) time: 424 milliseconds

Asynchronous net conversion time (If appicable): - milliseconds

Property verification time: 2016 milliseconds

(et Svacion iUnslable steady states (cycle of size 1) 0 1 0 1 0 0 o 0 . 1
el Cycla of 00 2

Cycle of size 3 Lttt e i)
0 1 141 0 . o a .
Cycle of size 3, distinct intermediate states

i ! Cycle of size 4 3 -
Right cick hete and Jeiect 30 re 4, distnct iermedate saes | jP==_Drop-down list of properties 10
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® Save and adil cuslom proparties

& Exil from Anlelope

Choose an action:

Figure 5. Selecting a query from the results screen



2.3 Using preloaded formulas from the formula properties screen

To use a preloaded property from the formula properties screen click on a
formula (the formulas screen is shown in figure 6).

3. Saving your results

It is possible to save the results of any query by clicking “here” in the

legend of the results screen “Right click here and select 'Save link as' to
get a plain text file with this results” (see figure 7).
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Figure 6. Recalculating a property from the formula properties screen. Formulas are
framed in red.



Uploaded file name:  FlowerGRN.thi
Progerty: Stable stoady states [cycle of size 1) Is. AX S

Mode: Synchronous

R-gnt'll:k hars anu{eﬂem'Swsnnx as' o gat a plain text fle with this results 10

* Use other propery | Stable steady states (cycle of size 1) '%'iwﬂ!lmesmgﬂnemgmamwmmtam ' Submit
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® Use a predefined gens regulatory network
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& Exit from Antelope

Figure 7. Saving your results. The “here” option is framed in red.

4. Synchrony and Asynchrony

Antelope can handle three types of network state change, each allowing
to explore different dynamic properties of network under study. These
state changes are the Synchronous, Asynchronous and Synchronous-
Asynchronous. You can choose from these three options before you
submit a query by clicking the desired option in the drop-down list that
appears in the figure 8. The way each state change operates is shown
below in figure 9.

Uplead your gene regulatory network:  /Users/eugenioazpeitia/Documents/Raiz/ Regl;

Choose a property:

Select a mode:

Or, you can:

® |se a predefined gene regulatory network

® Define / edit custom properties
® Exit from Antelope

Figure 8. Synchrony and asynchrony
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Figure 9. Three types of state change for the last two genes.
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5. Define or edit custom properties

We believe that the preloaded formulas represent important properties for
inspecting a model. The information of these properties is presented next
to them in the formula properties screen (figure 10). The “Name” field is
an abbreviated form to designate the formula we are using. The
“Formula” field presents the formula used in HCTL syntax. The
“Description” field contains additional information about a property.

Further information regarding the HCTL syntax can be obtained through
the “Edit and create properties” screen. To access this screen click on the

“Add a property” button (figure 10).
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Figure 10. The information fields of the formulas and the add property option.

5.1 Add a new property

Antelope allows adding new properties expressed in HCTL. To add a new
property click on the “add a property” option in the formula properties
screen (figure 10). Then the “define and edit custom properties” screen
appears (figure 11). In this screen you may type the three information
fields: “Name”, “Formula” and “Description” with the information
explained above (figure 11). The “Formula” field is associated with a
parser that will let you known if a mistake was made as the formula is
typed (figure 12). After the information field is filled up, click on “add
property” (figure 11). Antelope saves every new formula, so once you
have added it, you will find it every time you access Antelope.
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Enter a property information

Name: states in a loop of size‘

Formula: 1s. EX (~s & EX (~s & EX (~s & EX (~s & EX (~s & E

Description:  |Gtates to witch is possible to return in 6 steps exactly

Property fields

] Add property H_(.FH-'- Add a property button
| |

Figure 11. Adding a new property.

Name: states in a loop of size

—
Formula: Is. EX (~s EX Encountered "s" at line 1, column 12.

Description:  states to witch is possible to return in 6 steps exactif Expecting one of: "&", )", ™->", "=", "".
-

| Add property || Cancel |

Figure 12. Mistake message displayed when adding a new property have syntax
errors. The message is framed in red.

5.2 Remove a property

It 1s possible to remove the custom formulas with the “Remove” option
(figure 13).
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Membership to a cycle of any size. States

Membership to a cycle of any size 's. EXEF s st prssiihe
More than one successor Is. EX It @s. EX~1 m:‘::mmmmm
Exactly one successor 1s. EX It. @s. AX1 Eﬂ::cﬂywsumﬁmmm

Is.EX(~s &EX(-s&EX(~s& States lo which is possible to return in 6 I rm;l
n states in a loop of size 6 EXs)) = .

More than one successor

mmove

Is. EX Il. @s. EX -t States having more than one successor

Figure 13. Removing a property. The “remove” button is framed in red.

6. Manipulating the results

6.1 Wildcards, basin of attraction, successors and predecessors

When possible, Antelope abbreviates the results with wildcards (*
indicates that the state of the corresponding gene can be either 0 or 1).
This abbreviation can be overridden with the option “remove wildcards”
of the “Choose an action” drop-down list (figure 14). The same list has
the option to calculate basins of attraction, successors and predecessors.

Uploaded file name:

Property:

Mode:

Met loading (80D construction) time:

FlowerGRN.thl

Stable steady states (cycle of size 1): 1s. AX s
Synchronous

424 milliseconds

onds

Asynchronous net time (if apgli
Property verification lime:

2016 milliseconds

Remove wildcards

Compute basin of attraction

Compute successorns 1 0 1 1 1 1 1 o ‘ 0 1 2
o 0 1 0 1 o k. 0 0 o 1] 1
| Choose an action: = 1 0 1 |o 1 3|3 0 . 0 0

® Ligi othar proparty '_ Stable steady states (cycle of sze 1) @wm the same gene ragulatony network and | Submit J

® Upioad a genn reguisory natwork
* Use a predefined gene regulatory network
#* Save and adit custom properies

* Exit from Anielope

Figure 14. Working with or without wildcards. The drop-down list “Choose an action”

button is framed in red.
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MODEL FILE SYNTAX

A model can be specified in either of two ways, by means of tables or by
means of logic statements. For distinguishing between these model
representations, Antelope requires two distinct file extensions:

(a) . tbl for table model representations, and

(b) .ean for logic statements model representations.

In the table format, each table defines the value of a different gene in the
next time step as a function of the current values of other genes. Each
table has two parts: a head with the names of the genes, followed by a
body, with the values of the genes.

The head of a table consists of: (a) the name of the gene, say Z, whose
behavior is specified by that table, (b) one or more underscores, and (c)
the names of the genes, say X1,...,Xn. In such a table, the values of
X1,...,Xn at time t determine the value of Z at time t+1.

The body of a table consists of rows. Each row, unlike the head of the
table, first lists the current values of X1,...,Xn (at time t), and then the
value of Z (at time t+1). The current values of X1,...,Xn must appear in
the same order as in the head of the table.

In each row there is a bar “” in between the current values of X1,...,Xn

and the value of Z. Values can be 0, 1 or *. A fragment of a model would
be:

PLT ARF
0[0
1)1
AUXINAS AUXINAS
of*
1)1
IAA AUXINAS
0[1
110
ARF IAA
0[1
110
SHR SHR
0[0
1)1
SCR SHR SCR JKD MGP
00000
00010
0010/0
00110
01000
01010
01100
0111]0
1000|0

13



10010
1010]1
10111
1100[1
1101/0
11101
1111

In the logic statements format, the file consists of a list of logic equations
in either of the following two forms:

Z = (1)
Z =1 g (2)

where Z is the name of the gene we are specifying, and f and g are
Boolean formulas describing the conditions that activate Z.

In case there are no indeterminations form (1) is used. In case of
indeterminations, however, form (2) is used specifying two functions: f
and g. The function f describes Z when the value of all indeterminations
for Z is zero. The function g, by contrast, describes Z when the value of
all indeterminations is one. For example:

Xy X

00 *
010
101
11 *

We first rewrite this table as two tables, one in which * corresponds to 0,
and another in which * corresponds to 1:

—_ - O O M
_—0 = O <
S = O O X

-_ o O X
S = O
—_— O = X

14



111

In this case
f=x &~y
and
g=X|(~x & ~y)
finally, we get:
X =X&~y, X|(~Xx & ~y)

The formulas f and g have the following syntax:

Boolean operation Antelope’s syntax
T true
1 false
) ~¢
ony P&y
ovy oly
o=y >V
p=y o=V

As an example, consider the following logic statements equivalent to the
table-based model above:

/* logic statement-based model example */
PLT := ARF;

AUXINAS := true, AUXINAS;

IAA = ~AUXINAS;

ARF =~TAA;

SHR := SHR;

SCR :=SHR & ~SCR & JKD & ~MGP |

15



SHR & ~SCR & JKD & MGP |
SHR & SCR & ~JKD & ~MGP |
SHR & SCR & JKD & ~MGP |
SHR & SCR & JKD & MGP;

GENE NAMES

Gene names may contain arbitrary alphanumeric characters. However, for
avoiding name collisions, the names of genes should be different from the
names of the temporal operators.

If the user has a gene name which coincides with an operator name, it is
possible to circumvent this collision by renaming the gene with lower-
case letters, for example. For instance, if a gene is called "AG", which is
also the name of a temporal operator, such a gene could be renamed as

Hag

n

FORMULAS

Formulas in Antelope have the following syntax:
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Hybrid CTL Antelope’s syntax
T true

1 false
—P ~¢
oAV P&y
oV Y ey
0=y 0>y
0=y 0=V
AX @ AX @
EX ¢ EX ¢
AY ¢ AY ¢
EY ¢ EY ¢
AlQUV] A(QUV)
E[oUy] E(oUy)
EF ¢ EF ¢
EGo EG ¢
AF ¢ AF ¢
AG o AGo
@oc. ¢ @s. ¢
lo. g 's.g
do. ¢ 1s.¢

For example:
Hybrid CTL:

AG(pvqvr=EFEGY)
Antelope’s syntax:

AG(p|q|r-=EFEGr)
Also, the following table shows the precedence of operators (the higher
the precedence, the tighter the operator is attracted to its arguments):

The models can have one-line comments beginning with ““//”, and multi-
line comments enclosed between “/*” and “*/”.
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Precedence Operator
5 ~ @, !, ], AX, EX, AF, EF, AG,
EG,A(U),E(U),AY,EY
4 &
3 |
2 >
1 =

The algorithm used by Antelope for checking a GRN with respect to CTL
formulas is efficient (taking polynomial time in the size of the Kripke
structure). The additional expressiveness of hybrid operators, such
as “!” comes at a price, however. Given a CTL formula ¢, the
computation of the set of states at which a formula of the form “!' s . ¢”
holds involves calling the CTL model-checking algorithm
with ¢ once for each state. The decrease in efficiency is
even more if the “!” operator appears nested. Although
Antelope treats certain patterns in special ways, requiring
less time than a direct approach, formulas using hybrid operators
may take an excessive time to check.

Finally, in Antelope there are two different ways to specify a networks
state in a formula: 1) as a minterm, or 2) as a nominal. Nominals are
numeric representations of network states. Antelope can handle three
different nominal codifications, which are binary, decimal, and
hexadecimal. The binary codification uses the prefix “Ob” or “OB”, and
the hexadecimal codification the prefix “0x” or “0X”. Note that for
binary, decimal, and hexadecimal codifications, Antelope arranges the
genes following the ASCII lexicographic character order.

For example, assume we have a network with two nodes, namely
“geneA” and “geneB”, and that we want to specify the network state
where “geneA” is expressed and “geneB” is not expressed. As a minterm,
this network state is represented with the formula “geneA & ~geneB”.
The same state is represented as “0b10”, “2”, and “0x2” in a binary,
decimal and hexadecimal codification respectively.
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