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Laboratory for in silico life construction

My laboratory forin silico life construction is digital. Its infrastructur@rsists of an
Integrated Design/Development Environment (IDE)deek for designing/developing
programs forin silico life construction experiments. Once designed/dmed, the
program then conducts the experiment every timenis.

| use C++ as programming language and, respectiwigrosoft Visual C++ 2008
Express Edition as IDE. Alternatively, | use Dev4Ctoo. C++ is a general-purpose
programming language supporting multiple prograngrstyles. It is rather small and
simple. Additionally, it comes with a large libraof useful components that may be
easily included in program to support it.

In the IDE, the program design/development begiith writing source code in C++

using an editor. The source code is typically sawed file with the extension .cpp.

Another part of the IDE — a compiler — is then ugedtranslate source code into
machine code saving it in a file with the extensiobj. Finally, the linker takes one or
more files generated by compiler and combines thema single executable machine
code saving it in a file with the extension .exéeTile with the executable machine
code is the ready-made program that instructs dhngpater what is to do every time it
runs. An IDE can include additional tools dedicated maximize programming

productivity.

Once the IDE is installed, it is reasonable ficstatarm up with exercises introducing
into C++ fundamentals and then proceed to desigtévgloping of C++ programs for
in silico life construction experiments.



Objectives

Exercise 1:

Exercise 2:

Exercise 3:

Exercise 4:

Experiment 1:

Experiment 2:

Experiment 3:

Experiment 4:
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Learn how to design/develop C++ program using IDE

Learn how to write C++ statements instructing tbenputer to
construct objects in the memory and to operate thigim

Learn how to write C++ code for control structures

Learn how to write C++ code for functions

Learn how to design/develop C++ program foriarsilico life
construction experiment

Learn how to constructn silico gene expression networks
(GENSs)

Learn how to construdin silico genome expression networks
(GENomes)

Learn how to construéh silico genome multiplication networks
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Exercise 1
Objective: Learn how to design/develop C++ program using.IDE

Start IDE (here, Visual C++ 2008). A collection IBfE windows appears. To the left,
there is the window with three view tabs. Selgtition Explorer. To the right, there is
the editor window showingtart Page. At the bottom, there is the window with three
view tabs. Seleabutput.

Go to the menurile and selecNew -> Project. A dialog boxNew Project will pop up.
To the left, there is the pameoject Types. Selectwin32. To the right, there is the pane
Templates. Selectwin32 Console Application. At the bottom, there are three fields:
Name, Location, andSolution Name. Enter a project name (heexercise1-1) in the field
Name. The solution name (herexercisel-1) appears automatically in the fieddlution
Name and is the same as the project name. If necesslaapge the path for solution
location in the fieldLocation or select the path by using the butiwse. Click the
buttonOK. A Win32 Application Wizard will pop up showing the pageverview with the
settings currently in effect. Click the buttowext. The pageApplication Settings
appears. Activate the checkb@mpty Project and click the buttorFinish. In the
window Solution Explorer, the solution folder appears. It includes the gebjolder with
three subdirectoriesteader Files, Source Files, andResources Files.

Select the subdirectoigource Files and click the right button of the mouse. A context
menu appears. Seleetid -> New Item. A dialog boxAdd New Item will pop up. To the
left, there is the paneategories. SelectCode. To the right, there is the pamemplates.
SelectCc++ File (.cpp). At the bottom, there are two fieldsame andLocation. Enter a
file name (heregxercisel-1) in the fieldName and click the buttomdd. In the window
Solution Explorer, a new file (heregxercisel-1.cpp) will be added to the project folder in
the subdirectorgource Files. In the editor window, an empty file with the sameme
appears.

Enter the following code within the filexercise1-1.cpp:

//[Exercise 1-1

/*Nikita Tirjatkin
Laboratory for in silico life construction
Jabuar 2010%/

#include  <string>
#include  <iostream>
using namespace std;

int  main()
string Welcome( "Welcome to the laboratory for in silico life const ruction!" );
cout << Welcome << end| << endl;
return  0O;

Note that the numbers to the left of the verticahgiured line represent the line
numbers and do not belong to the source code. dtmees code is to the right of the
punctured line. The line numbers must appear autoatly by the entering the source
code. If this is not the case, go to the m&nols and selectptions. The dialog box
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Options will popup. In the left pane, selenéxt Editor -> C/C++ -> General. Activate the
checkboxtine Numbers and click the buttook.

Although extremely simple, the source code in ileeHxercisel-1.cpp already contains
all components that every C++ source code usuaby h

Lines from 1 to 4 contain comments. Comments haveffect on the behaviour of the
program and are usually used to include explanstidtere, comments provide
information to the program. One-line comments begitih two slash signg . Long
comments are typically included betweenand*/ .

Lines 6 and 7 contain two directives for the prepssor of the compiler. Each directive
begins with hash sig#. Here, directives tell the preprocessor to inclie files
string  andiostream from the Standard C++ Library. Their functionaliygoing to be
used later in the program. The filenames are soded by signss and >. Line 8
contains expression that is very frequent for th&ree codes that use the Standard C++
Library because all its components are usually ated within what is called a
namespace . Here, thewamespace has the namsd .

Lines from 10 to 15 contain the definition of tlhein —function. Themain —function is
mandatory. Every C++ program must haverth@ —function. Even if the C++ program
contains other functions, the program executionirnsedoy the main—function,
independently of its location within the source eodhe namemain of the main—
function is usually followed by a pair of parentegg and then by the body of the
function enclosed in bracés. Here, the body of thenain —function begins with the
statement instructing the computer to constructhen memory an object of the type
string namedwelcome and to set up this object as a sequence of cleasacticome

to the laboratory for in silico life construction! . The next statement
instructs the computer to construct the standatgpubustreamcout and to use it to
transport the image of the objegticome and two end line signs to the console window
of the screen. Finally, the statement

return  O;

Is the most usual instruction to end C++ progranctmsole window.

Additionally, the source code also contains whiéesp— spaces, tabs, new lines, blank
lines. Like comments, they have no effect on theal®ur of the program but serve for
the better readability of the code.

After entering the source code to the fieercisel-1.cpp, go to the menwuild and
select Build Exercisel-1. In the window Output, the protocol with various status
messages will appear. If all goes well, the protecals with the message:

Exercisel - 0 error(s), 0 warning(s)
========== Bulild: 1 succeeded, 0 failed, O up-to-da te, O skipped ==========

To run the executable machine code, go to the nmebug and selecttart Without
Debugging. The console window will appear and show the imaigle objectvelcome:
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Welcome to the laboratory for in silico life constr uction!

Press any key . . .

After program execution, the console window usuplyses automatically, exhibits the
streamPress any key . . . , and waits for user action. However, in some |[fas
example, Dev-C++), the console window closes imittedly after program execution
so that the short blink is only seen on the scréethis case, it is necessary to extend
the source code by three additional instructions

cin.ignore(255, \n" ),
cout<< "Press any key . .."
cin.get();

before the return instruction.
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Exercise 2

Objective: Learn how to write C++ statements instructing tdoenputer to construct
objects in the memory and to operate with them.

Create a new solution/projegkercise2-1 and add a new file&xercise2-1.cpp. Enter the
following code within the file&Exercise2-1.cpp:

//[Exercise 2-1

/*Nikita Tirjatkin
Laboratory for in silico life construction
Januar 2010%*/

#include  <iostream>
using namespace std;

int  main()

char Letterl;
Letterl = a'’

char Letter2 = b
char Letter3( 'c' );

cout << Letterl << "\t" << Letter2 << "\t" << Letter3 << "\n\n"

return 0;

Line 11 contains a declaration statement instrgdie computer to construct an object
in the memory. The smallest unit of memory is aabyndigit (bit), which can hold a
value of 0 or 1. The memory in computer is orgasizeo individual sections called
addresses. The smallest addressable unit of memmaygroup of 8 bits known as a
byte. One byte is enough to construct a relatitily object such as a single character
or small integer (between 0 and 255). To constmmte complex objects, the computer
needs to group several bytes in any way. In C+efettare few built-in object types.
C++ also provides users with features to desigir then object types. These features
were intensively used by C++ community to inveniagge number of useful object
types. Many of them are included in the Standaret Gibrary. Thus, a declaration must
contain at least two identifiers/names. The fidgnitifier/name is for the object type
while the second identifier/name is for the objeszlf. Here, the computer is instructed
to construct an object of the typear with the nametetter1  in the memory. Once
constructed, the object can be used within the oésts scope in the program. This
scope is limited to the block enclosed in brageswhere the object has been declared
(here, to the body of theain —function).

Line 12 contains an assignment statement instigickia computer to assign a value to
the objectLetter1 . To assign a value to the object, the assignmeatabor= is used.
An object of the typehar can hold either a small number or a character fthen
ASCII set of characters. ASCII defines a mappingveen the keys on the American
keyboard and numbers from 1 to 127. For examplke,ctiaracter for the letter is
mapped to the number 97. Here, the computer isuictsd to assign a characteto the
objectLetter1 . Characters to be assigned are always placed betsiegle quotes .
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Lines 14 and 15 contain statements combining detober with assignment. In line 14,
the assignment occurs explicitly by using assigrnmagperator=. In line 15, the
assignment occurs implicitly by using constructardtion of the object.

Line 17 contains a statement instructing the commpiat construct the standard output
streamcout and to use it to transport the image of the objestterl , Letter2 , and
Letter3 to the console window of the screen. Additionakpme characters with
special meaning must be transported to the congolgow. These characters are called
escape sequences and serve for formatting the asthrmutput stream. Here, the
tabulatont and the end lingn are used. Operatek is used to send images of all the
objects to the standard output streznr .

Build Exercise2-1 and run the executable machine code. The condaldow will show
images of the objectstterl |, Letter2 , andLetter3

Press any key . . .

Create a new solution/projeekercise2-2 and add a new fil€xercise2-2.cpp. Enter the
following code within the fileExercise2-2.cpp:

/[Exercise 2-2

/*Nikita Tirjatkin
Laboratory for in silico life construction
Januar 2010%/

#include  <iostream>
using namespace std;

int  main()

int  Numberl =5, Number2 = 10, Number3 = 20;
float Number4 = 5.2, Number5 = 10.4, Number6 = 20.6;

cout << Numberl << "t" << Number2 << "t" << Number3 << "\n"
<< Number4 << “t' << Number5<< "\t" <<Number6<< "\n\n"
<< Numberl + Number2 << “\t' << Number4 + Number5 << “\n"
<< Number3 - Number2 << “\t" << Number6 - Number5 << “\n"
<< Numberl * Number2 << "' << Number4 * Number5 << "\n"
<< Number3 / Number2 << "t" << Number6 / Number5 << "\n"
<< Number3 % 7 << “\n\n"

Numberl += 3; /lis equivalent to Numberl = Numberl + 3

Number2 -= 3; Ilis equivalent to Number2 = Number2 - 3

Number3 %= 3; Ilis equivalent to Number3 = Number3 % 3

Number4 *= 3; Ilis equivalent to Number4 = Number4 * 3

Number5 /= 3; /lis equivalent to Number5 = Number5 / 3

cout << Numberl << "t" << Number2 << "t" << Number3 << "\n"
<< Number4 << “t' << Number5<< "\t" <<Number6<< "\n\n"
int i=1,j=10;

i++; Ilis equivalenttoi=i+1andtoi+=1

- Illis equivalenttoj=j—1andtoj-=1

cout <<i<< "\t o<<j<< “\n\n" ;
return  0;
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Lines 11 and 12 contain statements instructingctimeputer to construct in the memory
three objects of the typet and three objects of the typeat respectively. Objects of
the typeint can only hold whole numbers. To hold floatingrgaumbers, objects of
the typefloat must be used.

Lines from 14 to 20 contain a statement instructing computer to construct the
standard output streataut and to use it to transport the image of the objeainber1,
Number2, Number3, Number4, Number5, and Number6 to the console window of the
screen. Additionally, the computer is instructeduse the standard output stream to
transport some nameless objects to the consoleowindihese nameless objects only
emerge to hold numbers resulting from arithmetierapons on the named objects.
Operatorst, -, *, and/ correspond to addition, subtraction, multiplicatiand division
respectively. The modulus operatamives the remainder after doing division and is
very useful for testing whether a number is evediyisible by another number.
However, it only works on integer numbers.

Lines from 22 to 26 show some examples for statésnesing compound assignment
operatorst=, -=, *=, /=, and%= These operators serve to shorten expressionsnsimow
comments. Lines 31 and 32 contain statements wglatators+ and-- for even more
shortening of expressions.

Build Exercise2-2 and run the executable machine code. The consattow will show
images of all the objects transported by the stahdatput stream:

10 20
10.4 20.6

15.6

10.2

54.08
1.98077

7 2
15.6 3.46667 20.6

2 9

Press any key . . .
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Exercise 3
Objective: Learn how to write C++ code for control structure

Create a new solution/projegkercise3-1 and add a new file€xercise3-1.cpp. Enter the
following code within the fileExercise3-1.cpp:

/[Exercise 3-1

/*Nikita Tirjatkin
Laboratory for in silico life construction
Januar 2010*/

#include  <iostream>
using namespace std;

int  main()
char Letterl = 'a' |, Letter2 = 'b' , Letter3 = 'c'
int  Number;
cout << "Enter number: "

cin >> Number;

if (Number == 10)

cout << Letterl << “\n\n"

else if (Number < 10)

cout << Letter2 << "\n\n"
else

cout << Letter3 << “\n\n"

return  0;

Lines 14 and 15 introduce some interactivity to firegram. The standard output
streamcout must transport to the console windows a messageptbmpts the user to
enter any number. Line 15 contains a statementuictstg computer to construct the
standard input streanin and to use it to transport the number from theokeayd to the
objectNumber in the memory of the computer. Operateris used to send the number
from the standard output stream to the objectNumber.

Lines from 17 to 22 contain an example for a coadél control structure. The table
summarizes three different forms of this contralaiure:

if (ﬁotnditioq) The program evaluatesnditon . If conditon  is true,statement  will
statemen be executed. Ifondiion is false,statement will be skipped and thg
program will proceed to the statement after tharobstructure.

\1%2

if (iotnditior:)l The program evaluatesnditon . If conditon s true,statement1  will
elsséa emen be executedstatement2  will be skipped, and the program proceeds to
statement2 the statement after the control structureoliditon is false statementl

will be skipped,statement2  will be executed, and the program wji
proceed to the statement after the control stractur

if (condition1) The program evaluates conditions to select thersiant to be executed.
statementl

else if (condition2)
statement2

else if (condition3)
statement3

else
statement
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In conditions, the equality operatee and relational operators , >, <, >=, <= are
usually used. Here, the choice is made dependemt fhe value of the number to be
entered by the user.

Build Exercise3-1 and run the executable machine code. The consoldow will first
show the following:

Depending on the number entered, three variantsa®ble. For example:

Enter number: 10
a

Press any key . . .

Enter number: 1
b

Press any key . . .

Enter number: 100
c

Press any key . . .

Create a new solution/projegkercise3-2 and add a new file€xercise3-2.cpp. Enter the
following code within the fileExercise3-2.cpp:

/[Exercise 3-2

/*Nikita Tirjatkin
Laboratory for in silico life construction
Januar 2010*/

#include  <iostream>
using namespace std;

int  main()
int i;
cout << "Enter number to start countdown: "
cin >>i;
while (i > 0)
cout << i<< "
-
}
cout << "ZERO-O-O!"\n\n"

return 0;

10
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Lines from 15 to 19 contain an example for an tteeacontrol structure. The table
summarizes two different forms of this control sture:

while - (condition) The program evaluatesnditon . If conditon  is false,statement  will
statement be skipped and the program will proceed to theestant after the contrg
structure. If conditon  is true, statement  will be executed and th
program will loop back to evaluatendiion  again. This cycle will bg
repeated a certain number of times usikition ~ will become false.
do The program first executesatement and then evaluatesnditon . If
Wh”es}acf:&iet?gn) conditon  is false, the program will proceed to the statemater the
control structure. Ifconditon  is true, the program will loop back to
executestatement and evaluateconditon  again. This cycle will be
repeated a certain number of times ututibition ~ will become false.

D —

Here, the choice is made dependent from the vdisleeonumber to be entered by the
user. Note that the statement is actually a blddiwo statements enclosed in brages

Build Exercise3-2 and run the executable machine code. The consoldow will first
show the following:

Enter number to start countd

After entering the number, the console window silbw the complete countdown:

Enter number to start countdown: 10
101 91 8! 71 6! 5! 41 31 21 11 ZERO-O-0O!l!

Press any key . . .

Create a new solution/projegkercise3-3 and add a new fileéxercise3-3.cpp. Enter the
following code within the fileExercise3-3.cpp:

/[Exercise 3-3

/*Nikita Tirjatkin
Laboratory for in silico life construction
Januar 2010*/

#include  <iostream>
using namespace std;

int  main()
int i
cout << "Enter number to start countdown: "
cin >>i;
for (int j=1i;j>0;j-)
cout << j<< "
cout << "ZERO-O-O!"\n\n"
return  0;
}

11
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Lines from 15 to 17 contain another example foitarative control structure. Its form
IS:

for (statementl; condition; statement3)
statement2

The program first executesatementl . Generally,statementl IS an initialization
statement declaring a counter variable and asgigaminitial value to it. Then, the
program evaluatesondition . If conditon  is false,statement2  will be skipped and
the program will proceed to the statement afterdiwetrol structure. Itondition is
true, the program will executgatement2 andstatement3. Generally,statement3

Is an increase/decrease statement changing a @bhieounter variable in any regular
way. Next, the program will loop back to evaluatedition  again. This cycle will be
repeated a certain number of times usdildition ~ will become false.

Build Exercise3-3 and run the executable machine code. The consoldow will first
show the following:

Enter number to start count :

After entering the number, the console window silbw the complete countdown:

Enter number to start countdown: 10
10! 918! 71 6! 5! 41 31 21 11 ZERO-O-O'!

Press any key . . .

Note, the program functionality is the same afh@Ekercise 3-2.

12



www.nikita-tirjatkin.de

Exercise 4
Objective: Learn how to write C++ code for functions.

Create a new solution/projegkercise4-1 and add a new file€xercise4-1.cpp. Enter the
following code within the fileExercise4-1.cpp:

/[Exercise 4-1

/*Nikita Tirjatkin
Laboratory for in silico life construction
Januar 2010*/

#include  <iostream>
using namespace std;

float addNumber( float a, float b)
float c;
c=a+hb;
return  (c);
}
int  main()
float x,y,z;
x = addNumber(12.34, 23.45);
y = addNumber(34.56, 45.67);
z = addNumber(x, y);

cout << X << It <<y "t <<z<< "\n\n"

return  0;

Lines from 9 to 14 contain an example for a funttiGenerally, a function is a named
group of statements. Its form is:

returntype functionname(parameterl, parameter2,..{ statements}

Once defined, it can be called many times. To &diinction, the following form must
be used:

functionname(argumentl, argument2,..)

Note, the parameters and arguments must have a oteeespondence. Here, the
function addNumber is designed for addition. If called, it will takevo float point
numbers and return their sum as a float point numbe

Lines 19, 20, and 21 show examples how the funei#tdNumber is called from within
themain —function.

Build Exercise4-1 and run the executable machine code. The condaldow will show
the following:

35.79 80.23 116.02

Press any key . . .

13
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Create a new solution/projeekercise4-2 and add a new fil€xercise4-2.cpp. Enter the
following code within the file&Exercise4-2.cpp:

/[Exercise 4-2

/*Nikita Tirjatkin
Laboratory for in silico life construction
Januar 2010%*/

#include  <iostream>
using namespace std;

void countDown( int a)
cout << a << e
if @a>1)

countDown(a - 1);

}
int  main()
int i;
cout << "Enter number to start countdown: "
cin >>i;

countDown(i);
cout << "ZERO-O-O!!"\n\n"

return  0;

Lines from 9 to 14 contain an example for a remgr$inction. A recursive function is a
function that calls itself. Here, the functi@untbown is designed for countdown.
Note, it does not return any value. In this cassgexial type nameid is used.

Build Exercise4-2 and run the executable machine code. The consoldow will first
show the following:

Enter number to start countdown:

After entering the number, the console window ahlbw the complete countdown:

Enter number to start countdown: 10
10! 9! 8! 71 6! 5! 41 31 21 11 ZERO-O-0O!!!

Press any key . . .

14
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Experiment 1

Objective: Learn how to design/develop C++ program forirasilico life construction
experiment.

Create a new solution/projegkperiment1-1 and add a new filexperiment1-1.cpp. Enter
the following code within the fil€xperiment1-1.cpp:

/[Experiment 1-1

/*Nikita Tirjatkin
Laboratory for in silico life construction
Januar 2010*/

#include  <string>
#include  <iostream>
#include  <ctime>
using namespace std;

void waitSeconds( int Seconds)

clock_t Stop;
Stop = clock() + Seconds * CLOCKS_PER_SEC;
while (clock() < Stop){}
}

int  main()

char Monomers[10] = { ‘A, B,C,mB,C,A,C,B, A, CH}
cout << "Picture:\n\n" ;

for (int i=0;i<10;i++)

cout << Monomers][i] <<
cout << “\n\n" ;

string Polymer;
cout << "Movie:\n\n"

for (int 1=0;i<10;i++)
{

waitSeconds(1);
Polymer.push_back(MonomersJi]);
cout << Polymeri];

}

cout << "\n\n"

return 0;

Generally, a program for an silico life construction experiment has to

set up ann silico experiment,

set up ann silico instrumentation,

run thein silico experiment,

display/record the outputs of thesilico instrumentation.

hPwpE

To set up ann silico experiment forin silico life construction, it is necessary first to
choose object types fom silico chemicals. In living world, all chemicals can loeighly
divided in two categories: monomers and polymernse Tost familiar form of a
polymer is a covalently bounded chain of monomEgs. example, the DNA molecule
strand is a chain of deoxyribonucleotides, the RM#olecule is a chain of
ribonucleotides, the polypeptide is a chain of aragids. For simplicity, objects of the
typechar can be used as silico monomers. Respectively, objects of the typiag

15
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can be used am silico polymers. Remembethar is a built-in object type while
string IS an object type defined in the filging of the Standard C++ Library. In
order to be able to instruct computer to constobgects of the typetring and operate
with them, C++ program must contain a directivevaman line 6. The object type
string  is specifically designed for construction of oligethat can hold a sequence of
characters and for operation on them.

Here, C++ program has to set up an experimentrifalico polymerization. First, it
instructs the computer to construct in the memappal of 10in silico monomers. This
pool is an array — a named memory location desigoedore a series of objects of the
same type. Objects are assigned to the array bsatgs} . They thus share the same
name and can be individually referenced by thexrfdem O toN - 1, whereN is the
number of objects in the array. Note, the namenddiraay (hereMonomers) is followed
by the number embraced within brackgts Depending on context, this number can
mean either the number of objects in the arrayaadnstructed or the index of the
object to be referenced. Then, the program ingrtled computer to construct in the
memory arin silico polymer. Initially, it is a place where the polynzation will begin.
Subsequently, the computer is instructed to addilico monomers to then silico
polymer in a consecutive order using funct@mmsh_back . Note how this function is
called. Its name is connected to the name of tlecbbolymer by a dot sign.

In C++ program for console application, the staddawtput streantout is the best
device to be used a&s silico instrumentation. It is an object of the object tygpeam
defined in the fileostream of the Standard C++ Library. Remember, standatgutu
streams are suited very well to be placed in thenamg of computer, snapshot objects
there and transport their images to the consoledevin They are actuallyn silico
nanoscopes with camera. Here, standard outpuinsérage used to deliver pictures of
thein silico polymerization. The functiomaitSeconds defined in lines from 11 to 15
serves to combine some pictures into a movie shpwirin silico polymerization in
slow motion. The functiomaitSeconds itself uses some objects and functions defined
in the filectime of the Standard C++ Library.

Build Experiment1-1 and run the executable machine code.

The console window will display the picture and tm®vie documenting how the
experiment foin silico polymerization proceeds:

Picture:
ABCBCACBAC
Movie:

ABCBCACBAC

Press any key . . .

16
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Experiment 2
Objective: Learn how to construch silico gene expression networks (GENS).

Create a new solution/projegtperiment2-1 and add a new filexperiment2-1.cpp. Enter
the following code within the fil&xperiment2-1.cpp:

/[Experiment2-1

/*Nikita Tirjatkin
Laboratory for in silico life construction
Januar 2010*/

#include  <string>
#include  <iostream>
using namespace std;

class gena
e
public
string RNA,;
gena(string Gene)

for (int i=0;i< Gene.size(); i++)
{
if (Gene[i] == ‘A" ) RNA.push_back( 'U" )
else if (Geneli] == 'C' ) RNA.push_back( 'G')
else if (Geneli] == 'G' ) RNA.push_back( 'C')
else if (Gene[i] == T'" ) RNA.push_back( 'A" )
else RNA.push_back( )
}
}
I8
int  main()

string sOa, sOb;
sf0a= "CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTIKXIAECATGCGGACACTACTC"
sOb=  "GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRATBNIMRIGTACGCCTGTGATGAG"
cout << "Picture 1:\n\n"

<< s0a << endl

<< s0b <<
cout <<

<< sfa <<

<< s0b <<

“\n\n"

"Picture 2:\n\n"

"\n\n\n"
"\n\n"

gena gl(sOa.substr(0, 9));

cout <<
<< gl.RNA <<
<< s0b <<
cout <<

<< s0b <<

"Picture 3:\n\n"
<< s0a << endl

"\n\n"
"\n\n"

"Picture 4:\n\n"
<< s0a << endl

“\n\n"

<< g1.RNA << "\n\n"

return  0;

Living world is an extremely complex network compd=f huge numbers of different
chemical reactions continuously creating an enostyocomplex matrix composed of
bewildering numbers of different chemicals involvedthese reactions. Additionally,
awfully large numbers of interactions between nemgj and living worlds contribute
to life complexity. However, the living world becas at once comprehensible as soon
as one becomes familiar with how such basic chdmeeations as DNA transcription,
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RNA translation, and catalysis arrange in stroregdichy of life patterns shown in the
table:

Level | Life pattern... ... is roughly equal to:

4 Genome diversification network General cell pesgion (living world or biospherg)

Genome multiplication network Individual cell gression

3
2 Genome expression network (GENome) Cell
1 Gene expression network (GEN)

Here, C++ program has to set up an experimentdaostcuction of arin silico gene
expression network (abbreviated GEN). In order ¢oable to instruct computer to
construct such objects assilico GENs, some new object types must be defined. The
table summarizes two different forms for definitioihnew object types in C++:

?Iass typename By default, member objects and member function® lpaivate access.

member objectl;
member object2;

member functionl;
member function2;

{Struct typename By default, member objects and member function® lpablic access.

member objectl;
member object2;

member functionl;
member function2;

N

Lines from 10 to 26 contain code defining new objgpe gena for in silico GENs
restricted to DNA transcription.

During DNA transcription, one strand of DNA moleeuteparates from another and
exposes a particular sequence of deoxyribonuckestidgene — serving as a template by
guiding the synthesis of RNA molecule. This is plolssbecause a ribonucleotide is
allowed to be attached to the deoxyribonucleotideoading to strict rules of base
pairing:

Deoxyribonukleotide with the base... Adenin Cytosin Guanin Thymin

... attaches ribonukleotide with the base... Uracil Guanin Cytosin Adenin

So, the sequence of deoxyribonucleotides withineaegdetermines the sequence of
ribonucleotides within RNA molecule to be synthesizAccordingly, a complementary
RNA replica appears on the DNA template and thgraisges from it. Note that the
DNA molecule persists DNA transcription and remaingxhausted.

Here, the new object typgena contains one member objeRNA of the object type
sting and one member functiaena. This member function is a constructor function
which will be automatically called if an object thfe typegena will be constructed in
the memory of the computer. The constructor fumctiust have the same name as the
new object type and cannot have any return typee,Hee constructor function has one
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parameteGene of the typestring . The body of the constructor function containdeco
for control structure synthesizing RNA replica @ge&NA on the DNA templates (here,
Gene). Characters fon silico deoxyribonucleotidesA( C, G, andT) and ribonucleotides
(A, C, G, andu) are chosen according to their conventional dedign.

Lines from 29 to 37 contain code instructing thenpater to construct in the memory
anin silico DNA molecule. Its strands must first lie togetheddhen separate. Line 39
contains statement instructing the computer to tcoaisin the memory am silico GEN

gl of the typegena taking a substring from position O to 8 from tlrstfstrand of the
DNA molecule as the argument for its constructorction.

Build Experiment2-1 and run the executable machine code.

The console window will display pictures documegtitow the experiment fan silico
gene expression (here, DNA transcription) proceeds:

Picture 1:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTBEGAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

Picture 2:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTBEAGTATGCGGACACTACTC

GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGEABTAGAACGCCTGTGATGAG
Picture 3:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEAGTATGCGGACACTACTC
GCAUGCGAC

GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGEABTAGAACGCCTGTGATGAG
Picture 4:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

GCAUGCGAC

Press any key . . .

Create a new solution/projegkperiment2-2 and add a new filexperiment2-2.cpp. Enter
the following code within the fil€xperiment2-2.cpp:

/[Experiment 2-2

/*Nikita Tirjatkin
Laboratory for in silico life construction
Januar 2010*/

#include  <string>
#include  <iostream>
using namespace std;

class gena

public
string RNA,;
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gena(string Gene)

for (int
{
if (Geneli] ==
else if (Geneli] ==
else if (Geneli] ==
else if (Geneli] ==
else
}

}
I
class genb: public gena

public
string Polypeptide;

genb(string Gene):gena(Gene)

for (int

if (RNA.substr(i, 3) ==

RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else
RNA.substr(i, 3) ==
else
RNA.substr(i, 3) ==
else
RNA.substr(i, 3) ==
else
RNA.substr(i, 3) ==
else
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else
RNA.substr(i, 3) ==
else
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else
RNA.substr(i, 3) ==
else
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else
else
RNA.substr(i, 3) ==
else
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else
RNA.substr(i, 3) ==
else
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==

if (RNA.substr(i, 3) ==
if (RNA.substr(i, 3) ==
if (RNA.substr(i, 3) ==
if (RNA.substr(i, 3) ==

if (RNA.substr(i, 3) ==

if (RNA.substr(i, 3) ==

if (RNA.substr(i, 3) ==

if (RNA.substr(i, 3) ==

if (RNA.substr(i, 3) ==

if (RNA.substr(i, 3) ==
if (RNA.substr(i, 3) ==

if (RNA.substr(i, 3) ==

if (RNA.substr(i, 3) ==

if (RNA.substr(i, 3) ==

if (RNA.substr(i, 3) ==

i =0; i< Gene.size(); i++)

X
c
T
RNA.push_back(

i =0; i < RNA.size(); i += 3)

) RNA.push_back(
) RNA.push_back(
'G' ) RNA.push_back(
) RNA.push_back(

TEGES

"GCA" ||

"GCC" ||
"GCG" ||
"GCU") Polypeptide.push_back(

"uGce" ||

"UGU") Polypeptide.push_back(

"GAC™ ||

"GAU") Polypeptide.push_back(

'GAA” |

"GAG") Polypeptide.push_back(

"uuct ||

"UUU") Polypeptide.push_back(

"GGA" ||

"GGC" ||
"GGG"||
"GGU") Polypeptide.push_back(

"CAC" ||

"CAU") Polypeptide.push_back(

"AUA" ||

"AUC" ||

"AUU") Polypeptide.push_back(
"AAA" ||
"AAG") Polypeptide.push_back(
"CUA" ||

"cuc" ||
"CUG" ||
"cuu" ||
"UUA" ||
"UUG") Polypeptide.push_back(

"AUG") Polypeptide.push_back(
"AAC" ||

"AAU") Polypeptide.push_back(

"CCA" ||

"ccc' |
"CCG" ||

"CCU") Polypeptide.push_back(
"CAA" ||
"CAG") Polypeptide.push_back(
"AGA" ||

"AGG" ||

if (RNA.substr(i, 3) ==

Il
"UCU") Polypeptide.push_back(
"ACA" ||

"ACC" ||
"ACG" ||
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RNA.substr(i, 3) == "ACU") Polypeptide.push_back( T );
else if (RNA.substr(i, 3) == "GUA" ||
RNA.substr(i, 3) == "GuUC" ||
RNA.substr(i, 3) == "GUG" ||
RNA.substr(i, 3) == "GUU") Polypeptide.push_back( V'),
else if (RNA.substr(i, 3) == "UGG") Polypeptide.push_back( ‘W' );
else if (RNA.substr(i, 3) == "UAC" ||
RNA.substr(i, 3) == "UAU") Polypeptide.push_back( Y,
else Polypeptide.push_bac k(- )
}
}
I
int  main()

string sOa, sOb;
s0a= "CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTIXIKECATGCGGACACTACTC"
sOb=  "GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRATIMRIGTACGCCTGTGATGAG"
cout << "Picture 1:\n\n"

<< sOa << endl

<< s0b <<
cout <<

<< sla <<

<< sOb <<

"\n\n"
"Picture 2:\n\n"

"\n\n\n"

"\n\n"

genb g3(sOa.substr(18, 9));

cout << "Picture 3:\n\n"

<< sOa << endl

<< " <<g3.RNA<<  "\n\n"

<< s0b << "\n\n"
cout << "Picture 4:\n\n"

<< sOa << endl

<< s0b << "\n\n"

<< " <<g3.RNA<<  "\n\n"
cout << "Picture 5:\n\n"

<< sOa << endl

<< s0b << “\n\n"

<< " " << g3.RNA << endl

<< << g3.Polypeptide << “\n\n"
cout << "Picture 6:\n\n"

<< s0a << endl

<< s0b << "\n\n"

<< " " <<g3.RNA<<  "\n\n"

<< ! " << g3.Polypeptide << “\n\n"
return 0;

Here, C++ program has to set up an extended exestifar construction of am silico
gene expression network. In addition to DNA traipgion, thisin silico GEN must
involve RNA translation.

During RNA translation, the RNA molecule servesaaemplate for the synthesis of a
polypeptide molecule. In this process, the triptdtabonucleotides in RNA molecule —
codons — determine amino acids to be attachedetpdtypeptide:

Codons.. ... for amino acid

GCA, GCC, GCG, GCU Alanin (Ala, A)

UGC, UGU Cystein (Cys, C)

GAC, GAU Asparaginsaure (Asp, D)
GAA, GAG Glutaminsaure (Glu, E)
UuUC, UUU Phenylalanin (Phe, F)
GGA, GGC, GGG, GGU Glycin (Gly, G)

CAC, CAU Histidin (His, H)

AUA, AUC, AUU Isoleucin (lle, 1)
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AAA, AAG

Lysin (Lys, K)

CUA, CUC, CUG, CUU, UUA, UUG

Leucin (Leu, L)

AUG

Methionin (Met, M)

AAC, AAU Asparagin (Asn, N)
CCA, CCC, CCG, ccu Prolin (Pro, P)
CAA, CAG Glutamin (GIn, Q)

AGA, AGG, CGA, CGC, CGG, CGU

Arginin (Arg, R)

AGC, AGU, UCA, UCC, UCG, UCuU

Serin (Ser, S)

ACA, ACC, ACG, ACU

Threonin (Thr, T)

GUA, GUC, GUG, GUU Valin (Val, V)
UGG Tryptophan (Trp, W)
UAC, UAU Tyrosin (Tyr, Y)

So, the sequence of codons within RNA moleculerdetes the sequence of amino
acids within polypeptide molecule to be synthesiz&dcordingly, a complementary
polypeptide replica appears on the RNA templateteNbat RNA molecule persists
RNA translation without to be exhausted.

A new object typegenb for in silico GENs involving DNA transcription and RNA
translation can be defined as derived from theatlijgegena as shown in lines from
27 to 99. To declare an object type as derived femrother object type, a colonis
used. If one object type is declared as derivethfemother object type, the derived
object type automatically equires some member ¢bjand member functions of the
base object type in addition to its own. Here,dbaved object typgenb aquires from
the base object typgna the member obje@NAIn addition to its own member object
Polypeptide ~ and the constructor functiogena in addition to its own constructor
function genb. If an object of the typegenb will be constructed in the memory of
computer, the constructor functigana will be called before the constructor function
genb. The body of the constructor functigenb contains code for control structure
synthesizing polypeptide replica (hemylypeptide ) on the RNA templates (here,
RNA. Characters foim silico ribonucleotides4, C, G, andu) and amino acidsA( C, D, E,
F,GHI,KLMNPQ,R ST,V,Wandy) are chosen according to their conventional
designation. Note, the signis used as logical operator OR.

Lines from 103 to 111 contain code instructing ¢benputer to construct in the memory
anin silico DNA molecule. Its strands must first lie togethed @hen separate. Line 113
contains statement instructing the computer to tcoaisin the memory am silico GEN

g3 of the typegenb taking a substring from position 18 to 26 from finst strand of the
DNA molecule as the argument for its constructorction.

Build Experiment2-2 and run the executable machine code.

The console window will display pictures documegtitow the experiment fan silico
gene expression (here, DNA transcription + RNAglation) proceeds:

Picture 1:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

Picture 2:
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CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEAGTATGCGGACACTACTC

GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGEABTAGAACGCCTGTGATGAG
Picture 3:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEAGTATGCGGACACTACTC
CACAUAAAA

GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGEABTAGAACGCCTGTGATGAG
Picture 4:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

CACAUAAAA
Picture 5:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

CACAUAAAA
HIK

Picture 6:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

CACAUAAAA

HIK

Press any key . . .

Create a new solution/projegtperiment2-3 and add a new filexperiment2-3.cpp. Enter
the following code within the fil&xperiment2-3.cpp:

/[Experiment 2-3

/*Nikita Tirjatkin
Laboratory for in silico life construction
Januar 2010*/

#include  <string>
#include  <iostream>
using namespace std;

class gena
public
string RNA,;
gena(string Gene)
for (int i=0;i< Gene.size(); i++)
{
if (Gene[i] == ‘A" ) RNA.push_back( 'U" );
else if (Geneli] == 'C' ) RNA.push_back( 'G')
else if (Geneli] == 'G' ) RNA.push_back( 'C')
else if (Gene[i] == T ) RNA.push_back( A" );
else RNA.push_back( )

}
}
h

class genb: public gena

{
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public
string Polypeptide;

k

class genca: public

{

genb(string Gene):gena(Gene)

{

}

}

for (int

if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else

genb

i =0; i < RNA.size(); i += 3)

"GCA" ||
"GCC" ||
"GCG" ||
"GCU") Polypeptide.push_back(
"uGce ||
"UGU") Polypeptide.push_back(
"GAC" ||
"GAU") Polypeptide.push_back(
"GAA" ||
"GAG") Polypeptide.push_back(
"uuc" ||
"UUU") Polypeptide.push_back(
"GGA" ||
"GGC" ||
"GGG" ||
"GGU") Polypeptide.push_back(
"CAC" ||
"CAU") Polypeptide.push_back(
"AUA" ||
"AUC" ||
"AUU") Polypeptide.push_back(
"AAA" ||
"AAG") Polypeptide.push_back(
"CUA" ||
"cuc" ||
"CUG" ||
"Cuu" ||
"UUA" ||
"UUG") Polypeptide.push_back(
"AUG") Polypeptide.push_back(
"AAC" ||
"AAU") Polypeptide.push_back(
"CCA" ||
"ccc" |
"CCG" ||
"CCU") Polypeptide.push_back(
"CAA" |
"CAG") Polypeptide.push_back(
"AGA" ||
"AGG" ||
"CGA" ||
"CGC" ||
"CGG" ||
"CGU") Polypeptide.push_back(
"AGC" ||
"AGU" ||
"UCA" ||
"ucc" ||
"UcaG" ||
"UCU") Polypeptide.push_back(
"ACA" ||
"ACC" ||
"ACG" ||
"ACU") Polypeptide.push_back(
"GUA" ||
"Guc ||
"GUG" ||
"GUU") Polypeptide.push_back(
"UGG") Polypeptide.push_back(
"UAC" ||
"UAU") Polypeptide.push_back(
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public
char Monomer;
genca(string Gene, char a, char b, char c):genb(Gene)

Monomer = c;

}
h
int  main()
string sOa, sOb;
s0a= "CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTIXIKECATGCGGACACTACTC"
sOb= "GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRATNIMIGTACGCCTGTGATGAG"
cout << "Picture 1:\n\n"
<< sOa << endl
<< s0b << "“\n\n"
cout << "Picture 2:" << "\n\n"
<< s0a << "\n\n\n"
<< s0b << “\n\n"
genca g6(s0a.substr(45, 9), v, v, X )
cout << "Picture 3:\n\n"
<< sOa << endl
<< " " <<g6.RNA<<  "\n\n"
<< s0b << "“\n\n" ;
cout << "Picture 4:\n\n"
<< sOa << endl
<< s0b << “\n\n"
<< " " << g6.RNA <<  "\n\n"
cout << "Picture 5:\n\n"
<< sOa << endl
<< s0b << “\n\n"
<< " " << g6.RNA << endl
<< " " << g6.Polypeptide
<< “\n\n"
cout << "Picture 6:\n\n"
<< sOa << endl
<< s0b << "\n\n"
<< " " <<g6.RNA<<  "\n\n"
<< ! " << g6.Polypeptide
<< “\n\n"
cout << "Picture 7:\n\n"
<< s0a << end|
<< s0b << “\n\n"
<< " " <<g6.RNA<<  "\n\n"
< " " << g6.Polypeptide
<< endl
<< " UvVv" << "\n\n"
cout << "Picture 8:\n\n"
<< s0a << end|
<< s0b << "\n\n"
<< " " <<g6.RNA<<  "\n\n"
<< ! " << g6.Polypeptide
<< endl
Py " " << g6.Monomer
<< “\n\n"
cout << "Picture 9:\n\n"
<< sOa << endl
<< s0b << "\n\n"
<< " " <<g6.RNA<<  "\n\n"
P " " << g6.Polypeptide
<< "\n\n"
< " " << g6.Monomer
<< "\n\n"
return 0
}

Here, C++ program has to set up an extended exestifar construction of am silico
gene expression network. In addition to DNA traipgmn and RNA translation, this
silico GEN must involve catalysis.
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During catalysis, the catalyst serves as a temptaitéhe reaction that otherwise could

occur too slowly for live. The catalyst does itb jof catalysis by grappling with one or

more substrate molecules and interacting with themmake or break chemical bonds.
The catalyst is usually very specific for the chemhireaction it catalyses, and the
specificity lies in a sophisticated configuratiohaboms at one or more active sites of
catalyst. Only restricted set of substrate molexgbkn recognize this configuration and
bind it. In catalysts, this binding causes a camfional shift that promotes the

reaction in any way. Thereafter, the catalyst mdesareaction products, acquires its
original conformation and is available for catatysinew. Thus, the catalyst persists
catalysis without to be exhausted.

A new object type foin silico GENs involving DNA transcription, RNA translation,
and catalysis can be defined as derived from thecblypegenb. Lines from 101 to
109 contain definition of the object typenca for in silico GENs involving catalysis of
the reaction A + B = C, where A, B, and C are moamnSince the object typenb
itself derives from the object typgna, the object typegenca aquires from the base
object typegenb the member objectBNA and Polypeptide  in addition to its own
member objecMonomer and the constructor functiogena andgenb in addition to its
own constructor functiogenca . If an object of the typgenca will be constructed in
the memory of computer, the constructor functiorls lve called in ordegena , genb,
genca . In addition to one parameteene of the typestring , the constructor function
genca has three parameteisb, andc of the typechar . Its body contains code fom
silico catalysis of reaction type A + B = C on the polyjap replica (here,
Polypeptide ). Characters fam silico monomers\j, vV andx) are chosen arbitrary.

Lines from 113 to 121 contain code instructing ¢benputer to construct in the memory
anin silico DNA molecule. Its strands must first lie togethed @ahen separate. Line 123
contains statement instructing the computer to tcoaisin the memory am silico GEN

g6 of the typegenca taking a substring from position 45 to 53 from finst strand of
the DNA molecule as the first argument for its d¢ansgor function. Additionally,
characters), v, andx are used as other three arguments.

Build Experiment2-3 and run the executable machine code.

The console window will display pictures documegtiow the experiment fon silico
gene expression (here, DNA transcription + RNA dfation + catalysis, where the
reaction of type A + B = C is catalysed) proceeds:

Picture 1:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTBEGAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

Picture 2:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTBEAGTATGCGGACACTACTC

GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

Picture 3:
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CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTBEAGTATGCGGACACTACTC
AGCACA GUA

GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGEABTAGAACGCCTGTGATGAG
Picture 4:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

AGCACA GUA
Picture 5:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

AGCACA GUA
S TV

Picture 6:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

AGCACA GUA
S TV
Picture 7:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

AGCACA GUA

S TV
U \

Picture 8:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

AGCACA GUA

S TV
X

Picture 9:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

AGCACA GUA
S TV

X

Press any key . . .

Create a new solution/projegtperiment2-4 and add a new filexperiment2-4.cpp. Enter
the following code within the fil&xperiment2-4.cpp:

/[Experiment 2-4
/*Nikita Tirjatkin
Laboratory for in silico life construction
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Januar 2010*/
#include  <string>
#include <iostream>

using namespace std;

class gena
public
string RNA,;
gena(string Gene)
for (int i=0;i< Gene.size(); i++)
{
if (Gene[i] == ' ) RNA.push_back( 'U" ),
else if (Gene[i] == " ) RNA.push_back( 'G' ),
else if (Geneli] == 'G' ) RNA.push_back( 'C')
else if (Geneli] == T" ) RNA.push_back( 'A" )
else RNA.push_back( )
}
}
I
class genb: public gena
public
string Polypeptide;
genb(string Gene):gena(Gene)
for (int i=0;i<RNA.size();i+=3)
{
if (RNA.substr(i, 3) == "GCA" ||
RNA.substr(i, 3) == "GCC" ||
RNA.substr(i, 3) == "GCG" ||
RNA.substr(i, 3) == "GCU") Polypeptide.push_back(
else if (RNA.substr(i, 3) == "uGcce ||
RNA.substr(i, 3) == "UGU") Polypeptide.push_back(
else if (RNA.substr(i, 3) == "GAC" ||
RNA.substr(i, 3) == "GAU") Polypeptide.push_back(
else if (RNA.substr(i, 3) == "GAA" ||
RNA.substr(i, 3) == "GAG") Polypeptide.push_back(
else if (RNA.substr(i, 3) == "uuc ||
RNA.substr(i, 3) == "UUU") Polypeptide.push_back(
else if (RNA.substr(i, 3) == "GGA" ||
RNA.substr(i, 3) == "GGC" ||
RNA.substr(i, 3) == "GGG" ||
RNA.substr(i, 3) == "GGU") Polypeptide.push_back(
else if (RNA.substr(i, 3) == "CAC" ||
RNA.substr(i, 3) == "CAU") Polypeptide.push_back(
else if (RNA.substr(i, 3) == "AUA" ||
RNA.substr(i, 3) == "AUC" ||
RNA.substr(i, 3) == "AUU") Polypeptide.push_back(
else if (RNA.substr(i, 3) == "AAA" ||
RNA.substr(i, 3) == "AAG") Polypeptide.push_back(
else if (RNA.substr(i, 3) == "CUA" ||
RNA.substr(i, 3) == "cuc" ||
RNA.substr(i, 3) == "CUG" ||
RNA.substr(i, 3) == "CuU" ||
RNA.substr(i, 3) == "UUA" ||

RNA.substr(i, 3) ==

else if (RNA.substr(i, 3) ==

else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==

else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==

else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==

else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==

"UUG") Polypeptide.push_back(
"AUG") Polypeptide.push_back(
"AAC" ||

"AAU") Polypeptide.push_back(
"CCA" ||

"ccc' |

"CCG" ||

"CCU") Polypeptide.push_back(
"CAA" |

"CAG") Polypeptide.push_back(
'AGA"

"AGG" ||
"CGA" ||
"CGC" ||
"CGG" ||
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class gench: public

k

int

}
}

public
char
char

gencb(string Gene,

RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else

genb

Monomer1;
Monomer2;
char a,

Monomerl = b;
Monomer2 =c;

}

main()

string sOa, sOb;
"CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTKIX IARECATGCGGACACTACTC"

sOa=
sOb=
cout << "Picture 1:\n\n"

<< sOa << endl

<< s0b << "\n\n"
cout << "Picture 2:\n\n"

<< sla << "\n\n\n"

<< s0b << "\n\n"
gencb g7(sOa.substr(54, 9), ‘W
cout << "Picture 3:\n\n"

<< s0a << end|

<< "

<< "\n\n" <<sOb << "\n\n"
cout << "Picture 4:\n\n"

<< s0a << end|

<< s0b << "\n\n"

<< "

<< “\n\n"
cout << "Picture 5:\n\n"

<< s0a << end|

<< s0b << “\n\n"

<< "

<< endl

<< "

<< g7.Polypeptide << "\n\n"

cout << "Picture 6:\n\n"

<< sOa << endl

<< s0b << "\n\n"

<< "

<< "\n\n"

<< "

<< g7.Polypeptide << "\n\n"

cout <<

"GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABIMGTACGCCTGTGATGAG"

"Picture 7:\n\n"

<< sOa << endl

<< sOb <<

“\n\n"

char b,

"CGU") Polypeptide.push_back(
"AGC" ||
"AGU" ||
"UCA" ||
"Ucc" ||
"UcaG" ||
"UCU") Polypeptide.push_back(
"ACA" ||
"ACC" ||
"ACG" ||
"ACU") Polypeptide.push_back(
"GUA" ||
"GUC" ||
"GUG" ||
"GUU") Polypeptide.push_back(
"UGG") Polypeptide.push_back(
"UAC" ||
"UAU") Polypeptide.push_back(

Polypeptide.push_bac

char c):genb(Gene)
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<< " " << g7.RNA
<< “\n\n"
<< "
<< g7.Polypeptide << endl
<< " w"
<< "\n\n"
cout << "Picture 8:\n\n"
<< s0a << end|
<< s0b << "\n\n"
<< " " << g7.RNA
<< “\n\n"
<< "
<< g7.Polypeptide << endl
<< "

<< g7.Monomerl << """ << g7.Monomer2 << “\n\n"
cout << "Picture 9:\n\n"
<< s0a << endl
<< s0b << "\n\n"
<< " " << g7.RNA
<< “\n\n"
<< "
<< g7.Polypeptide << "\n\n"
<< "
<< g7.Monomerl << """ << g7.Monomer2 << “\n\n"
return  0;

Here, C++ program has to set up an experiment dostcuction of ann silico gene
expression network involving DNA transcription, RNranslation, and catalysis, where
the reaction of type A = B + C must be catalysemhet from 101 to 111 contain
definition of the new object typgencb for suchin silico GENs. Expectedlygench
looks like genca . However, it has two member objects. The diffeeerscalso seen in
the body of the constructor function specifying tleaction type to be catalysed.
Characters fom silico monomers\{y Y andz) are chosen arbitrary.

Build Experiment2-4 and run the executable machine code.

The console window will display pictures documegtiow the experiment fon silico
gene expression (here, DNA transcription + RNA dfation + catalysis, where the
reaction of type A = B + C is catalysed) proceeds:

Picture 1:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTGBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

Picture 2:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEAGTATGCGGACACTACTC

GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGEABTAGAACGCCTGTGATGAG
Picture 3:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEAGTATGCGGACACTACTC
UGGUACGCC

GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

Picture 4:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEAGTATGCGGACACTACTC

30



www.nikita-tirjatkin.de

GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGEABTAGAACGCCTGTGATGAG
UGGUACGCC
Picture 5:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTBEGAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

UGGUACGCC
WYA

Picture 6:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

UGGUACGCC
WYA
Picture 7:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

UGGUACGCC

WYA
w

Picture 8:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

UGGUACGCC

WYA
\ 4

Picture 9:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTBEGAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

UGGUACGCC
WYA

\y4

Press any key . . .

Create a new solution/projegtperiment2-5 and add a new filexperiment2-5.cpp. Enter
the following code within the fil&xperiment2-5.cpp:

/[Experiment 2-5

/*Nikita Tirjatkin
Laboratory for in silico life construction
Januar 2010*/

#include  <string>
#include  <iostream>
using namespace std,;

class gena

{
public
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string RNA,;
gena(string Gene)
for (int i=0;i< Gene.size(); i++)
{
if (Gene[i] ==
else if (Geneli] ==
else if (Geneli] ==
else if (Geneli] ==
else
}

}
k

class genb: public gena

public :
string Polypeptide;

genb(string Gene):gena(Gene)

for (int i=0;i<RNA.size();i+=3)

' ) RNA.push_back(
' ) RNA.push_back(
'G" ) RNA.push_back(
" ) RNA.push_back(

if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==
RNA.substr(i, 3) ==

U
G )
)
A )
=)
"GCA" ||
"GCC" ||
"GCG" ||
"GCU") Polypeptide.push_back(
"uGcce ||
"UGU") Polypeptide.push_back(
"GAC" ||
"GAU") Polypeptide.push_back(
"GAA" ||
"GAG") Polypeptide.push_back(
"uuc" ||
"UUU") Polypeptide.push_back(
"GGA" ||
"GGC" ||
"GGG" ||
"GGU") Polypeptide.push_back(
"CAC" ||
"CAU") Polypeptide.push_back(
"AUA" ||
"AUC" ||
"AUU") Polypeptide.push_back(
"AAA" ||
"AAG") Polypeptide.push_back(
"CUA" ||
"cuc" ||
"CUG" ||
"Cuu" ||
"UUA" ||

"UUG") Polypeptide.push_back(
"AUG") Polypeptide.push_back(
"AAC" ||
"AAU") Polypeptide.push_back(
"CCA" ||
"cce |
"CCG" ||
"CCU") Polypeptide.push_back(
"CAA" ||
"CAG") Polypeptide.push_back(
"AGA" ||
"AGG" ||

"ACC" ||
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RNA.substr(i, 3) == "ACG" ||
RNA.substr(i, 3) == "ACU") Polypeptide.push_back( T )
else if (RNA.substr(i, 3) == "GUA" ||
RNA.substr(i, 3) == "GuC ||
RNA.substr(i, 3) == "GUG" ||
RNA.substr(i, 3) == "GUU") Polypeptide.push_back( V'),
else if (RNA.substr(i, 3) == "UGG") Polypeptide.push_back( ‘W' );
else if (RNA.substr(i, 3) == "UAC" ||
RNA.substr(i, 3) == "UAU") Polypeptide.push_back( Y,
else Polypeptide.push_bac k(- )
}
}
I
class gencz: public genb
public

string Replica;
gencz(string Gene, string Template):genb(Gene)

for (int i=0;i< Template.size(); i++)
{
if (Template[i] == 'A" ) Replica.push_back( T )
else if (Template[i] == 'C' ) Replica.push_back( ‘G );
else if (Template[i] == 'G' ) Replica.push_back( 'C);
else if (Template[i] == T ) Replica.push_back( A,
else Replica.push_back( )
}
}
I
int  main()

string sOa, sOb;
s0a= "CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTIAIRECATGCGGACACTACTC"
sOb= "GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRATIMGTACGCCTGTGATGAG"
cout << "Picture 1:\n\n"

<< sOa << endl

<< s0b <<
cout <<

<< s0a <<

<< s0b <<

"\n\n"
"Picture 2:\n\n"

"\n\n\n"

"\n\n"

gencz g0a(sOa.substr(63, 9), sOa);
gencz g0b(sOa.substr(63, 9), sOb);
cout << "Picture 3:\n\n"
<< s0a << end|
<< "
<< g0a.RNA <<
<< s0b << "\n\n"
cout << "Picture 4:\n\n"
<< sOa << endl
<< sOb <<
<< "
<< g0a.RNA <<
cout << "Picture 5:\n\n"
<< sOa << end|
<< s0b <<
<< "
<< g0a.RNA << end|
<< "
<< gOa.Polypeptide <<
cout << "Picture 6:\n\n"
<< s0a << end|
<< s0b <<
<< "
<< g0a.RNA <<
<< "
<< gOa.Polypeptide <<
cout << "Picture 7:\n\n"
<< s0a << end|
<< g0a.Polypeptide <<
<< "
<< gOb.Polypeptide << end|

"\n\n"
"\n\n"
"\n\n"

"\n\n"

"“\n\n"

"\n\n"
"\n\n"

"“\n\n"

"\n\n"
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<< sOb << "\n\n"
cout << "Picture 8:\n\n"
<< s0a << endl
<< g0a.Replica << "\n\n"
<< gObh.Replica << endl
<< s0b << “\n\n"
return 0;

}

In living world, virtually all reactions are to beatalysed, inclusive all reactions of
polymerization. The most important reaction of podéyization is DNA replication.

During DNA replication, strands of DNA molecule septe and each strand serves as a
template by guiding the synthesis of complemensargnd according to strict rules of
base pairing:

Deoxyribonukleotide with the base... Adenin Cytosin | ua@in Thymin
... attaches deoxyribonukleotide with the base.Thymin Guanin Cytosin Adenin

When the DNA replication is complete, each origib®lA molecule is replaced by its
two identical copies. Note that the DNA moleculeastls persist DNA transcription
without to be exhausted.

Here, C++ program has to set up an experimentdaostcuction of arin silico gene
expression network involving DNA transcription, RNranslation, and catalysis, where
the DNA replication must be catalysed. Lines frodi 1o 116 contain definition of the
new object typegencz for suchin silico GENSs. It too is declared as derived frgamb .

Its constructor function has two parametesse andTemplate of the typestring . The
body of the constructor function contains codedontrol structure synthesizing DNA
replica (hereReplica ) on the DNA templates (heresmplate ). Characters foin silico
deoxyribonucleotidesA( C, G, and T) are chosen according to their conventional
designation.

Lines from 120 to 128 contain code instructing ¢benputer to construct in the memory
anin silico DNA molecule. Its strands must first lie togethedahen separate. Lines
130 and 131 contain statements instructing the ct@npo construct in the memory two
in silico GENsgoa andgob of the typegencz taking a substring from position 63 to 71
from the first strand of the DNA molecule as thestfiargument for their constructor
functions. Additionally, each constructor functidakes the corresponding DNA
molecule strand as the second argument.

Build Experiment2-5 and run the executable machine code.
The console window will display pictures documegtiow the experiment fon silico

gene expression (here, DNA transcription + RNA dfation + catalysis, where the
DNA replication is catalysed) proceeds:

Picture 1:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG
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Picture 2:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEAGTATGCGGACACTACTC

GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGEABTAGAACGCCTGTGATGAG
Picture 3:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTBEAGTATGCGGACACTACTC
UGUGAUGAG

GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGEABTAGAACGCCTGTGATGAG
Picture 4:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

UGUGAUGAG
Picture 5:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

UGUGAUGAG
CDE

Picture 6:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

UGUGAUGAG
CDE
Picture 7:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEAGTATGCGGACACTACTC
CDE

CDE
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

Picture 8:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTBEGAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

Press any key . . .
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Experiment 3
Objective: Learn how to construch silico genome expression networks (GENomes).

Create a new solution/projegtperiment3-1 and add a new filexperiment3-1.cpp. Enter
the following code within the fil&xperiment3-1.cpp:

/[Experiment 3-1

/*Nikita Tirjatkin
Laboratory for in silico life construction
Januar 2010*/

#include  <string>
#include  <vector>
#include  <iostream>

using namespace std;

class gena
public
string RNA,;
gena(string Gene)
for (int i=0;i< Gene.size(); i++)
{
if (Geneli] == 'A" ) RNA.push_back( 'U' )
else if (Geneli] == 'C' ) RNA.push_back( 'G')
else if (Gene[i] == 'G' ) RNA.push_back( 'C' );
else if (Gene[i] == T ) RNA.push_back( A" );
else RNA.push_back( )
}
}
I8
class genb: public gena
public
string Polypeptide;
genb(string Gene):gena(Gene)
for (int i=0;i<RNA.size();i+=3)
{
if (RNA.substr(i, 3) == "GCA" ||
RNA.substr(j, 3) == "GCC" ||
RNA.substr(j, 3) == "GCG" ||
RNA.substr(i, 3) == "GCU") Polypeptide.push_back( )
else if (RNA.substr(i, 3) == "UGec" ||
RNA.substr(i, 3) == "UGU") Polypeptide.push_back( )
else if (RNA.substr(i, 3) == "GAC" ||
RNA.substr(i, 3) == "GAU") Polypeptide.push_back( "),
else if (RNA.substr(i, 3) == "GAA" ||
RNA.substr(i, 3) == "GAG") Polypeptide.push_back( )
else if (RNA.substr(i, 3) == "uuc" ||
RNA.substr(i, 3) == "UUU") Polypeptide.push_back( )
else if (RNA.substr(i, 3) == "GGA" ||
RNA.substr(i, 3) == "GGC" ||
RNA.substr(i, 3) == "GGG" ||
RNA.substr(i, 3) == "GGU") Polypeptide.push_back( ")
else if (RNA.substr(i, 3) == "CAC" ||
RNA.substr(i, 3) == "CAU") Polypeptide.push_back( )
else if (RNA.substr(i, 3) == "AUA" ||
RNA.substr(i, 3) == "AUC" ||
RNA.substr(i, 3) == "AUU") Polypeptide.push_back( );
else if (RNA.substr(i, 3) == "AAA" ||
RNA.substr(i, 3) == "AAG") Polypeptide.push_back( )
else if (RNA.substr(i, 3) == "CUA" ||
RNA.substr(i, 3) == "CUC
RNA.substr(i, 3) == 'CUG
RNA.substr(i, 3) == '‘Cuu |
RNA.substr(i, 3) == 'UUA" ||
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RNA.substr(i, 3) ==
else
else

RNA.substr(i, 3) ==
else

RNA.substr(i, 3) ==

RNA.substr(i, 3) ==

RNA.substr(i, 3) ==
else

RNA.substr(i, 3) ==
else

RNA.substr(i, 3) ==

RNA.substr(i, 3) ==

RNA.substr(i, 3) ==

RNA.substr(i, 3) ==

RNA.substr(i, 3) ==
else

RNA.substr(i, 3) ==

RNA.substr(i, 3) ==

RNA.substr(i, 3) ==

RNA.substr(i, 3) ==

RNA.substr(i, 3) ==
else

RNA.substr(i, 3) ==

RNA.substr(i, 3) ==

RNA.substr(i, 3) ==
else

RNA.substr(i, 3) ==

RNA.substr(i, 3) ==

RNA.substr(i, 3) ==
else
else

RNA.substr(i, 3) ==
else

}
}
I8
class genca: public genb
public
char Monomer;
genca(string Gene,

Monomer = c;
}
h

class gench: public

{

genb

public
char Monomerl;
char Monomer2;
gencb(string Gene,

Monomerl = b;
Monomer2 = c;
}
k
class gencz: public genb
public
string Replica;

char a,

char a,

if (RNA.substr(i, 3) ==
if (RNA.substr(i, 3) ==

if (RNA.substr(i, 3) ==

if (RNA.substr(i, 3) ==

if (RNA.substr(i, 3) ==

if (RNA.substr(i, 3) ==

if (RNA.substr(i, 3) ==

if (RNA.substr(i, 3) ==

if (RNA.substr(i, 3) ==
if (RNA.substr(i, 3) ==

"UUG") Polypeptide.push_back(
"AUG") Polypeptide.push_back(
"AAC" ||
"AAU") Polypeptide.push_back(
"CCA" ||
"ccc' |
"CCG" ||
"CCU") Polypeptide.push_back(
"CAA" |
"CAG") Polypeptide.push_back(
"AGA" ||
"AGG" ||
"CGA" ||
"CGC" ||
"CGG" ||
"CGU") Polypeptide.push_back(
"AGC" ||
"AGU" ||
"UCA" ||
"ucc" ||
"UcG" ||
"UCU") Polypeptide.push_back(
"ACA" ||
"ACC" ||
"ACG" ||
"ACU") Polypeptide.push_back(
"GUA" ||
"Guc ||
"GUG" ||
"GUU") Polypeptide.push_back(
"UGG") Polypeptide.push_back(
"UAC" ||
"UAU") Polypeptide.push_back(

Polypeptide.push_bac

char b,

char b,

char c):genb(Gene)

char c):genb(Gene)

gencz(string Gene, string Template):genb(Gene)

for (int i=0;i< Template.size(); i++)
{
if (Template[i] == A' ) Replica.push_back( T );
else if (Template[i] == 'C' ) Replica.push_back( '‘G');
else if (Template[i] == 'G" ) Replica.push_back( 'C);
else if (Template[i] == T' ) Replica.push_back( A,
else Replica.push_back( )
}
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}.

}

class cell

{

public

vector<string> DNAs;
vector<string> tRNAs;
vector<string> rRNASs;
vector<string> Polypeptides1;
vector<string> Polypeptides2;
vector<string> Polypeptides3;

vector< char > Monomers1;
vector< char > Monomers2;
vector< char > Monomers3;

cell(vector<string> vO,
vector<string> v1,
vector<string> v2,
vector<string> v3,
vector<string> v4,
vector<string> v5,

vector< char > v6,

vector< char >v7,

vector< char >v8)
{

DNAs = V0;

tRNAs = v1,

rRNAs = v2;

Polypeptidesl = v3;
Polypeptides2 = v4;
Polypeptides3 = v5;
Monomers1 = v6;
Monomers2 = v7,
Monomers3 = v8;

for (int i=0;i<10;i++)

gena g1(DNAs[0].substr(0, 9)); tRNAs.pu
gena g2(DNAs[0].substr(9, 9)); rRNAs.pu
genb g3(DNAs[0].substr(18, 9));Polypept
genb g4(DNAs[0].substr(27, 9));Polypept
genb g5(DNAs[0].substr(36, 9));Polypept
genca g6(DNAs|[0].substr(45, 9),
Monomers1.push_back(g6.Monomer);
gencb g7(DNAs[0].substr(54, 9),
Monomers2.push_back(g7.Monomerl);
Monomers3.push_back(g7.Monomer2);
}
vector<string> DNAreplicas;
gencz g0a(DNAs|0].substr(63, 9), DNAS[0]);
DNAreplicas.push_back(gOa.Replica);
gencz gOb(DNAs|[0].substr(63, 9), DNAs[1]);
DNAreplicas.push_back(gOb.Replica);
DNAs.insert(DNAs.begin() + 1, DNAreplicas.b

}
h

int  main()

string sOa, sOb;

www.nikita-tirjatkin.de

sh_back(g1l.RNA);
sh_back(g2.RNA);
ides1.push_back(g3.Polypeptide);
ides2.push_back(g4.Polypeptide);
ides3.push_back(g5.Polypeptide);

' ! X )!

T

egin(), DNAreplicas.end());

sO0a= "CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTIXINECATGCGGACACTACTC"
sOb= "GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGKRATKIAL TACGCCTGTGATGAG"

vector<string> V0;
VO0.push_back(s0a);
VO0.push_back(s0b);
vector<string> V1(10,

vector<string> V3(10, "HIK" ), V4(10,
vector< char >V6(10, 'X' ), V7(10,
cout << "Picture 1." << "\n\n"

for (int i=0;i<VO0.size(); i++)
cout << VO[i] << endl;

cout << "\n" ;

for (int i=0;i<VLlsize(); i++)

"GCAUGCGAQ; V2(10,

Y' ), V8(10,
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cout << V1Ji] <<
cout << “\n\n"

for (int i=0;i<V2.size(); |++)

cout << V2[i] << ;
cout << “\n\n" ;

for (int i=0;i<V3.size(); |++)

cout << V3[|] << ;
cout << “\n\n" ;

for (int i=0;i<V4.size(); |++)

cout << V4[i] << ;
cout << “\n\n"

for (int i=0;i<Vb5.size(); |++)

cout << V5[i] << ;
cout << “\n\n" ;

for (int i=0;i<V6.size(); |++)

cout << V6[|] << ;
cout << “\n\n" ;

for (int i=0;i<V7.size(); |++)

cout << V7[i] << ;
cout << “\n\n"

for (int i=0;i<V8.size(); |++)

cout << V8Ji] << ;
cout << “\n\n"

cell Cell(VO, V1, V2, V3, V4, V5, V6, V7, V8);
cout << "Picture 2:" << "\n\n"
for (int i=0;i< Cell.DNAs.size(); i++)
cout << CeII.DNAs[i] << endl;
cout << “\n"
for (int i=0;i< Cell.tRNAs.size(); |++)
cout << Cell.tRNAsJi] <<
cout << “\n\n" ;
for (int i=0;i< Cell.rRNAs.size(); |++)
cout << Cell.rRNASsJi] <<
cout << “\n\n" ;
for (int i=0;i< Cell.Polypeptidesl.size(); i++)
cout << Cell.Polypeptides1][i] << "
cout << “\n\n" ;
for (int i=0;i< Cell.Polypeptides2.size(); i++)
cout << Cell.Polypeptides2][i] << "
cout << “\n\n"
for (int i=0;i< Cell.Polypeptides3.size(); i++)
cout << Cell.Polypeptides3i] << "

cout << “\n\n"
for (int i=0;i< Cel.Monomersl.size(); |++)
cout << Cell.Monomers1[i] <<

cout << “\n\n" ;
for (int i=0;i< Cel.Monomers2.size(); |++)
cout << Cell. Monomers2[i] <<

cout << “\n\n" ;
for (int i=0;i< Cel.Monomers3.size(); |++)
cout << Cell. Monomers3[i] <<

cout << “\n\n" ;
return  0O;

Here, C++ program has to set up an experimentdostcuction of ann silico genome
expression network (GENome). This life patternasghly equal to the cell. In cell
(GENome), the information processing involves twghtly coupled reactions: genome
expression and genome replication.

The genome is a limited set of genes and eachigamseially expressed separately to be
fully converted into the corresponding element bé tcell structure or function.
Respectively, the cell is a composition of GENscétl, its GENs interact to maintain
each other. In cell, its GENs interact to maint@&ch other. During gene expression in
particular GEN, it is just the job of other GENspimvide necessary elements for gene
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expression machinery. Collectively, GENs work tplieate the complete DNA.
Respectively, the life history of the single cedigins with one cell but ends with two.
Generally, the cell life history begins at the poiere two newly produced sister cells
halve the matrix inherited from the mother cell agath starts a self-dependent life.
What the newborn cell has to do is just what itsheodone: it starts its own genome
expression which results in genome replicationiargivision in two daughter cells.

Here, it is reasonable to begin with an experimfentconstruction of ann silico
genome expression network (GENome) with the sinhglesome and the simplest life
history. Environmental conditions too must be festremely favourable: energy and all
monomers for synthesis of DNA, RNA, and polypeptidelecules are in overflow.
Lines from 141 to 194 contain definition of the nebject typecell for in silico
genome expression network (GENome). For simplititg, number of genes in genome
is restricted to 8. They must be expressed in fineder to double contents of 9 pools of
in silico chemicals.

Respectively, the new object typel has 9 member objects of the object typaor
defined in the filevector of the Standard C++ Library. The object typetor is
specifically designed for construction of objedigttcan hold/contain a pool of other
objects and for operation on them. In Standard Cibfary, the object typeector is
defined as a template. A template takes other olyges as parameters. Note, the
template parameters are surrounded by sigaad>. Here, object typestring and
char are used as template parameters. One containaedsssary to hold DNA
molecule strands. Two containers are for pools BAR (here, tRNAs and ribosomal
RNAs). Three containers are for pools of polypeggtidhere, RNA polymerases,
ribosomal polypeptides, and polypeptides involved cell division). Other three
containers are for pools of monomers (here, X,nd 3).

Expectedly, the constructor function of the newecbfypecell has 9 parameters. The
body of the constructor function contains code dontrol structure specifying how
genes must be expressed to double contents ofl9.poo

Lines from 198 to 206 contain code instructing ¢benputer to construct in the memory
9 pools ofin silico chemicals. Line 236 contains statement instrudiireggcomputer to
construct in the memory an silico genome expression netwotkll of the typecell
taking all 9 pools as arguments for its construtiactions.

Build Experiment3-1 and run the executable machine code.

The console window will display pictures documegtitow the experiment fan silico
genome expression proceeds:

Picture 1:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRABTAGAACGCCTGTGATGAG

GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGIZGSCGAC GCAUGCGAC GCAUGCGAC
GCAUGCGAC GCAUGCGAC

GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGIZGIICGAC GCAUGCGAC GCAUGCGAC
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GCAUGCGAC GCAUGCGAC

HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK

LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN

POR PQR PQR PQR PQR PQR PQR PQR POQR PQR

) 0. 9.9.9.9.9.9.9.9.4

YYYYYYYYYY

2722222727277

Picture 2:

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTOBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGEABTAGAACGCCTGTGATGAG
CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTBEAGTATGCGGACACTACTC
GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGEABTAGAACGCCTGTGATGAG
GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUEZERIBTGAC GCAUGCGAC GCAUGCGAC
GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGZGIBTGAC GCAUGCGAC GCAUGCGAC
GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC

GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUEZERIBTGAC GCAUGCGAC GCAUGCGAC
GCAUGCGAC GCAUGCGAC GAAUUCGGA GAAUUCGGA GAAUUTRRGICGGA GAAUUCGGA GAAUUCGGA
GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUUCGGA

HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK
LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMNLMN LMN LMN LMN LMN LMN LMN
PQR PQR PQR PQR PQR PQR PQR PQR POQR POR POR PQR PQRQR POR PQR PQR PQR PQR PQR

9. 9.0.9.9.0.9.9.0.909.90.99.9.09.9.9
YYYYYYYYYYYYYYYYYYYY

2727272722727727272727272272727277

Press any key . . .
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Experiment 4
Objective: Learn how to construch silico genome multiplication networks.

Create a new solution/projegtperiment4-1 and add a new filexperiment4-1.cpp. Enter
the following code within the fil&xperiment4-1.cpp:

/[Experiment 4-1
/*Nikita Tirjatkin
Laboratory for in silico life construction

Januar 2010*/
#include  <string>
#include  <vector>
#include  <deque>
#include  <iostream>
using namespace std;
class gena

public
string RNA,;

gena(string Gene)

for (int i=0;i< Gene.size(); i++)
{
if (Geneli] == 'A" ) RNA.push_back( 'U' )
else if (Gene[i] == 'C' ) RNA.push_back( 'G' ),
else if (Gene[i] == 'G' ) RNA.push_back( 'C' ),
else if (Geneli] == T" ) RNA.push_back( 'A" )
else RNA.push_back( )
}
}
I
class genb: public gena
public
string Polypeptide;
genb(string Gene):gena(Gene)
for (int i=0;i<RNA.size();i+=3)
{
if (RNA.substr(i, 3) == "GCA" ||
RNA.substr(i, 3) == "GCC" ||
RNA.substr(j, 3) == "GCG" ||
RNA.substr(i, 3) == "GCU") Polypeptide.push_back( A,
else if (RNA.substr(i, 3) == "UGe" ||
RNA.substr(i, 3) == "UGU") Polypeptide.push_back( 'C);
else if (RNA.substr(i, 3) == "GAC" ||
RNA.substr(i, 3) == "GAU") Polypeptide.push_back( ‘D' );
else if (RNA.substr(i, 3) == "GAA" ||
RNA.substr(i, 3) == "GAG") Polypeptide.push_back( '‘E');
else if (RNA.substr(i, 3) == "uuc" ||
RNA.substr(i, 3) == "UUU") Polypeptide.push_back( )
else if (RNA.substr(i, 3) == "GGA" ||
RNA.substr(i, 3) == "GGC" ||
RNA.substr(i, 3) == "GGG" ||
RNA.substr(i, 3) == "GGU") Polypeptide.push_back( 'G');
else if (RNA.substr(i, 3) == "CAC" ||
RNA.substr(i, 3) == "CAU") Polypeptide.push_back( ‘H);
else if (RNA.substr(i, 3) == "AUA" ||
RNA.substr(i, 3) == "AUC" ||
RNA.substr(i, 3) == "AUU") Polypeptide.push_back( ),
else if (RNA.substr(i, 3) == "AAA" ||
RNA.substr(i, 3) == "AAG") Polypeptide.push_back( 'K );
else if (RNA.substr(i, 3) == "CUA" ||
RNA.substr(i, 3) == "cuc" ||
RNA.substr(i, 3) == "CUG" ||
RNA.substr(i, 3) == "Cuu" ||
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RNA.substr(i, 3) ==
RNA.substr(i, 3) ==

else if (RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==

RNA.substr(i, 3) ==

else if (RNA.substr(i, 3) ==

RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==

else if (RNA.substr(i, 3) ==

RNA.substr(i, 3) ==

else if (RNA.substr(i, 3) ==

RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==

else if (RNA.substr(i, 3) ==

RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==

else if (RNA.substr(i, 3) ==

RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==

else if (RNA.substr(i, 3) ==

RNA.substr(i, 3) ==
RNA.substr(i, 3) ==
RNA.substr(i, 3) ==

else if (RNA.substr(i, 3) ==
else if (RNA.substr(i, 3) ==

RNA.substr(i, 3) ==
else
}
}
%

class genca: public genb

public
char Monomer;

genca(string Gene, char a,

Monomer = c;

}
h

class gench: public genb
public

char Monomerl;
char Monomer2;

gencb(string Gene, char a,

Monomerl = b;
Monomer2 = c;

}
h

class gencz: public genb

public
string Replica;

gencz(string Gene, string Template):genb(Gene)

"UUA" ||
"UUG") Polypeptide.push_back(
"AUG") Polypeptide.push_back(
"AAC” |
"AAU") Polypeptide.push_back(
"CCA" ||
"ccc' |
"CCG" ||
"CCU") Polypeptide.push_back(
"CAA" ||
"CAG") Polypeptide.push_back(
"AGA" ||
"AGG" ||
"CGA" ||
"CGC" ||
"CGG" ||
"CGU") Polypeptide.push_back(
"AGC" ||
"AGU" ||
"UCA" ||
"uce ||
"UCG" ||
"UCU") Polypeptide.push_back(
"ACA" ||
"ACC" ||
"ACG" ||
"ACU") Polypeptide.push_back(
"GUA" ||
"Guc" ||
"GUG" ||
"GUU") Polypeptide.push_back(
"UGG") Polypeptide.push_back(
"UAC" ||
"UAU") Polypeptide.push_back(

Polypeptide.push_bac

char c):genb(Gene)

char c):genb(Gene)

for (int i=0;i< Template.size(); i++)

if (Template[i] ==
else if (Template[i] ==
else if (Template[i] ==
else if (Template[i] ==

A )
'C' ) Replica.push_back(
G )

‘T" ) Replica.push_back(
else Replica.push_back(

Replica.push_back(

Replica.push_back(

E Yol
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}
}

h

class cell

{

public

vector<string> DNAS;
vector<string> tRNAs;
vector<string> rRNAs;
vector<string> Polypeptides1;
vector<string> Polypeptides2;
vector<string> Polypeptides3;
vector< char > Monomers1,;
vector< char > Monomers2;
vector< char > Monomers3;

cell(vector<string> vO,
vector<string> v1,
vector<string> v2,
vector<string> v3,
vector<string> v4,
vector<string> v5,
vector< char > v6,
vector< char >v7,
vector< char >v8)

DNAs = vO0;

tRNAs = vli;

rRNAs = v2;
Polypeptidesl = v3;
Polypeptides2 = v4;
Polypeptides3 = v5;
Monomers1 = v6;
Monomers2 = v7;
Monomers3 = v8;

for (int i=0;i<10;i++)

gena g1(DNAs[0].substr(0, 9)); tRNAs.pu
gena g2(DNAs[0].substr(9, 9)); rRNAs.pu
genb g3(DNAs[0].substr(18, 9));Polypept
genb g4(DNAs[0].substr(27, 9));Polypept
genb g5(DNAs[0].substr(36, 9));Polypept
genca g6(DNAs|[0].substr(45, 9), U, v
Monomersl.push_back(g6.Monomer);
gencb g7(DNAs[0].substr(54, 9), ‘W,
Monomers2.push_back(g7.Monomer1l);
Monomers3.push_back(g7.Monomer2);
}
vector<string> DNAreplicas;
gencz g0a(DNAs|[0].substr(63, 9), DNAs[0]);
DNAreplicas.push_back(gOa.Replica);
gencz gOb(DNAs|0].substr(63, 9), DNAS[1]);
DNAreplicas.push_back(gOb.Replica);
DNAs.insert(DNAs.begin() + 1, DNAreplicas.b
}
h

class cp
public
deque<cell> Cells;
cp(cell ccell)
Cells.push_back(ccell);
while (Cells.size() <= Cells.max_size())

ccell = Cells.front();

cout << "\nCell Number: " << Cells.size() <<
for (int i=0;i< ccel.DNAs.size(); i++

cout << ccell.DNASsJi] << ;
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sh_back(g1l.RNA);

sh_back(g2.RNA);

ides1.push_back(g3.Polypeptide);

ides2.push_back(g4.Polypeptide);

ides3.push_back(g5.Polypeptide);
X

VAR

egin(), DNAreplicas.end());

"\n\n"
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cout << "\n\n"
for (int i=0;i< ccell.tRNAs.size(); i++
cout << ccell.tRNAs[i] << R

cout << “\n\n"
for (int i=0;i< ccell.rRNAs.size(); i++
cout << ccell.rRNAs[i] << R
cout << “\n\n" ;

for (int i=0;i< ccell.Polypeptidesl.size(); i++)

cout << ccell.Polypeptidesl]i] <<
cout << “\n\n" ;

for (int i=0;i< ccell.Polypeptides2.size(); i++)

cout << ccell.Polypeptides2]i] <<
cout << “\n\n" ;

for (int i=0;i< ccell.Polypeptides3.size(); i++)

cout << ccell.Polypeptides3[i] <<

cout << “\n\n" ;
for (int i=0;i< ccel.Monomersl.size(); i++)
cout << ccell. Monomers1[i] << "
cout << “\n\n" ;
for (int i=0;i< ccel.Monomers2.size(); i++)
cout << ccell. Monomers2[i] << "
cout << “\n\n" ;
for (int i=0;i< ccel.Monomers3.size(); i++

cout << ccell.Monomers3][i] <<
cout << “\n\n" ;

Cells.pop_front();

vector<string> IDNAs(ccell. DNAs.begin()

ccell.DNAs.begin() +
ccell.DNAs.size()/ 2);
vector<string> rDNAs(ccell. DNAs.begin() +
ccell. DNAs.size()/ 2,
ccell.DNAs.end());
vector<string> ItRNAs(ccell.tRNAs.begin 0,
ccell.tRNAs.begin 0+
ccell.tRNAs.size( )2);
vector<string> rtRNAs(ccell.tRNAs.begin 0+
ccell.tRNAs.size( )2,
ccell.tRNAs.end() );
vector<string> IrRNAs(ccell.rRNAs.begin 0,
ccell.rRNAs.begin 0+
ccell.rRNAs.size( )2);
vector<string> rrRNAs(ccell.rRNAs.begin 0+
ccell.rRNAs.size( )2,
ccell.rRNAs.end() );
vector<string> IPolypeptides1(ccell.Pol ypeptidesl.begin(),
ccell.Pol ypeptidesl.begin() +
ccell.Pol ypeptidesl.size()/2);
vector<string> rPolypeptidesi1(ccell.Pol ypeptidesl.begin() +
ccell.Pol ypeptidesl.size()/2,
ccell.Pol ypeptidesl.end());
vector<string> |Polypeptides2(ccell.Pol ypeptides2.begin(),
ccell.Pol ypeptides2.begin() +
ccell.Pol ypeptides2.size()/2);
vector<string> rPolypeptides2(ccell.Pol ypeptides2.begin() +
ccell.Pol ypeptides2.size()/2,
ccell.Pol ypeptides2.end());
vector<string> IPolypeptides3(ccell.Pol ypeptides3.begin(),
ccell.Pol ypeptides3.begin() +
ccell.Pol ypeptides3.size()/2);
vector<string> rPolypeptides3(ccell.Pol ypeptides3.begin() +
ccell.Pol ypeptides3.size()/2,
ccell.Pol ypeptides3.end());
vector< char > IMonomers1(ccell. Monomers1.begin(),
ccell.Monomersl .begin() +
ccell.Monomers1 .size()/2);
vector< char > rMonomers1(ccell. Monomers1.begin() +
ccell.Monomersl .size()/2,
ccell.Monomersl .end());
vector< char > IMonomers2(ccell. Monomers2.begin(),
ccell.Monomers2 .begin() +
ccell.Monomers2 .size()/2);
vector< char > rMonomers2(ccell. Monomers2.begin() +
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ccell.Monomers2 .size()/2,
ccell. Monomers2 .end());
vector< char > IMonomers3(ccell. Monomers3.begin(),
ccell.Monomers3 .begin() +
ccell.Monomers3 .size()/2);
vector< char > rMonomers3(ccell. Monomers3.begin() +
ccell.Monomers3 .size()/2,
ccell.Monomers3 .end());

cell Icell(IDNAs,
[tRNAS,
IrRNAs,
IPolypeptides1,
IPolypeptides2,
IPolypeptides3,
IMonomers1,
IMonomers2,
IMonomers3);

cell rcell(rDNAs,
rtRNAs,
I'"RNAs,
rPolypeptidesl,
rPolypeptides2,
rPolypeptides3,
rMonomers1,
rMonomers2,
rMonomers3);

Cells.push_back(Icell);

Cells.push_back(rcell);

}
}
h

int  main()

string sOa, sOb;

sfa= "CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTIXIAECATGCGGACACTACTC"
sOb=  "GCATGCGACGAATTCGGACACATAAAACTAATGAACCCACAAAGRATIMGTACGCCTGTGATGAG"
vector<string> V0;

VO0.push_back(s0a);

VO0.push_back(s0b);

vector<string> V1(10, "GCAUGCGAQ; V2(10, "GCAUGCGAQy

vector<string> V3(10, "HIK" ), V4(10, "LMN"), V5(10, "PQR");

vector< char >V6(10, 'X' ), V7(10, 'Y' ), V8(10, VARD

cell Cell(VO, V1, V2, V3, V4, V5, V6, V7, V8);

cp CellProgression(Cell);

return 0;

Here, C++ program has to set up an experimentdostcuction of ann silico genome
multiplication network. This life pattern is roughlequal to the individual cell
progression.

The genome replication by genome expression leadggenome multiplication.

Progressive genome replication is usually assatiai¢éh progressive cell propagation
producing a cell progression: one cell, two cdisir cells, eight cells, and so on. The
whole living world is only one cell progression whiarose from one single primordial
cell and has 3 or 4 billions years of uninterruphéstory. It can be called general cell
progression. The present-day biosphere is mereigyaslice from it, a visible top of

iceberg in ocean of time. The ancient part of ghggntic life pattern leaves very scarce
traces. The genome multiplication is tightly asatem with genome diversification. The
mechanisms of genome diversification differ greatwging from the spontaneous
sequence mutation to the highly regulated sequetremsfer. The genome
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diversification produces cell progressions eachwhbich is specified by a particular
individual genome and can be called individual qalbgression. Respectively, the
general cell progression can be considered aswimgyocomposition of an increasing
number of individual cell progressions.

Here, it is reasonable to begin with an experimf@ntconstruction of ann silico
genome multiplication network with the simplest gere and the simplest life history.
Environmental conditions too must be first extregmé&hvourable: energy and all
monomers for synthesis of DNA, RNA, and polypeptidelecules are in overflow.
Lines from 197 to 317 contain definition of the nehject typecp for in silico genome
multiplication network.

Essentially, an individual cell progression is adwy tree. Respectively, the new object
type cp has a constructor function which fills the specahtainercells with cells in
the so called in-level order so that each mothdr lmecomes replaced by its two
daughter cells as soon it divides. The contagwis is an object of the object type
deque defined in the filedeque of the Standard C++ Library. The object tyjegue is
specifically designed for construction of objedisttcan hold/contain a pool of other
objects and for operation on them. Similar to thgat typevector , the object type
deque is defined as a template and can take other ohjpets as parameters. Here, the
object typecell is used as the template parameter. The object dygpe is suited
very well for construction of container to be fdlén in-level order so that a binary tree
will be produced. The body of the constructor fumttthe new object typep contains
code for control structure specifying how to fitlet containercells with cells in in-
level order. Note, the execution of thiele loop is limited by the expression

Cells.size() <= Cells.max_size()

whereCells.max_size() can be replaced by other reasonable variable obaumho
reduce execution time.

Additionally, the constructor function of the newject typecp includes simple code
for in silico instrumentation.

Lines from 321 to 329 contain code instructing ¢benputer to construct in the memory
9 pools ofin silico chemicals. Line 330 contains statement instrudiirggcomputer to
construct in the memory an silico genome expression netwotkll of the typecell
taking all 9 pools as arguments for its construdiamctions. Line 332 contains
statement instructing the computer to constructhim memory arin silico genome
multiplication network CellProgression of the typecp taking objectcell as
argument for its constructor functions.

Build Experiment4-1 and run the executable machine code.
The console window will display pictures documegtitow the experiment fon silico

genome multiplication proceeds. However, pictutew oo quickly. Close the console
window, go to the line 205 of the filxperiment4-1.cpp, and replace the statement
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Cells.size() <= Cells.max_size()

by the statement

Cells.size() <=7

Build Experiment4-1 anew and run the executable machine code. Theoleomsndow
will display the first 7 pictures only:

Cell Number: 1
CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEAGTATGCGGACACTACTC GCATGCG
ACGAATTCGGACACATAAAACTAATGAACCCACAAAGAAGCACAGTDHTITIGTGATGAG CGTACGCTGCTTAA
GCCTGTGTATTTTGATTACTTGGGTGTTTCTTCGTGTCATACCATBCESBITC GCATGCGACGAATTCGGACAC
ATAAAACTAATGAACCCACAAAGAAGCACAGTATGGTACGCCTGTGATGAG

GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGZEIBTGAC GCAUGCGAC GCAUGCGAC
GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGZGIBTGAC GCAUGCGAC GCAUGCGAC
GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC

GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUEZERIBTGAC GCAUGCGAC GCAUGCGAC
GCAUGCGAC GCAUGCGAC GAAUUCGGA GAAUUCGGA GAAUUTRGICGGA GAAUUCGGA GAAUUCGGA
GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUUCGGA

HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK
LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMNLMN LMN LMN LMN LMN LMN LMN
PQR PQR PQR PQR PQR PQR PQR PQR PQR PQR PQR PQR PQRQR PQR PQR PQR PQR PQR PQR

9. 9.90.9.9.0.9.9.0.99.90.909.9.09.9.9
YYYYYYYYYYYYYYYYYYYY

2727272722727727272727272272727277

Cell Number: 2

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEGAGTATGCGGACACTACTC GCATGCG
ACGAATTCGGACACATAAAACTAATGAACCCACAAAGAAGCACAGTDUEWGHEIGTGATGAG CGTACGCTGCTTAA
GCCTGTGTATTTTGATTACTTGGGTGTTTCTTCGTGTCATACCATBCESBTC GCATGCGACGAATTCGGACAC
ATAAAACTAATGAACCCACAAAGAAGCACAGTATGGTACGCCTGTGATGAG

GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGIZGIICGAC GCAUGCGAC GCAUGCGAC
GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGIZGSCGAC GCAUGCGAC GCAUGCGAC
GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC
GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGIZGIICGAC GCAUGCGAC GCAUGCGAC
GCAUGCGAC GCAUGCGAC GAAUUCGGA GAAUUCGGA GAAUUARMEACGGA GAAUUCGGA GAAUUCGGA
GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUUCGGA

HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK

LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMNLMN LMN LMN LMN LMN LMN LMN

PQR PQR PQR PQR PQR PQR PQR PQR PQR PQR PQR PQR PQRQR PQR PQR PQR PQR PQR PQR

XXX XXX XXXXXXXXXXXXXX

YYYYYYYYYYYYYYYYYYYY
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2727772772772 7227272727272727

Cell Number: 3
CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTBEGAGTATGCGGACACTACTC GCATGCG
ACGAATTCGGACACATAAAACTAATGAACCCACAAAGAAGCACAGTBEIGTGATGAG CGTACGCTGCTTAA
GCCTGTGTATTTTGATTACTTGGGTGTTTCTTCGTGTCATACCATBCESBTC GCATGCGACGAATTCGGACAC
ATAAAACTAATGAACCCACAAAGAAGCACAGTATGGTACGCCTGTGATGAG

GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGIXEIITGAC GCAUGCGAC GCAUGCGAC
GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGRZGISCGAC GCAUGCGAC GCAUGCGAC
GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC

GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUURBSBAMGGA GAAUUCGGA GAAUUCGGA
GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUUREBAOGGA GAAUUCGGA GAAUUCGGA
GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUUCGGA

HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK

LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMNLMN LMN LMN LMN LMN LMN LMN

PQR PQR PQR PQR PQR PQR PQR PQR PQR PQR PQR PQR PQRQR PQR PQR PQR PQR PQR PQR

XXXXXXXXXXXXXXXXXXXX
YYYYYYYYYYYYYYYYYYYY

2727272722727727272727272272727277

Cell Number: 4
CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEAGTATGCGGACACTACTC GCATGCG
ACGAATTCGGACACATAAAACTAATGAACCCACAAAGAAGCACAGTDIOWEIGTGATGAG CGTACGCTGCTTAA
GCCTGTGTATTTTGATTACTTGGGTGTTTCTTCGTGTCATACCATBCESBITC GCATGCGACGAATTCGGACAC
ATAAAACTAATGAACCCACAAAGAAGCACAGTATGGTACGCCTGTGATGAG

GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUEZERIBTGAC GCAUGCGAC GCAUGCGAC
GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGZEIBTGAC GCAUGCGAC GCAUGCGAC
GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC

GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUEZERIBTGAC GCAUGCGAC GCAUGCGAC
GCAUGCGAC GCAUGCGAC GAAUUCGGA GAAUUCGGA GAAUUTRRGICGGA GAAUUCGGA GAAUUCGGA
GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUUCGGA

HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK

LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMNLMN LMN LMN LMN LMN LMN LMN

PQR PQR PQR PQR PQR PQR PQR PQR PQR PQR PQR PQR PQRQR PQR PQR PQR PQR PQR PQR

XXXXXXXXXXXXXXXXXXXX
YYYYYYYYYYYYYYYYYYYY

2727772772772 7227272727272727

Cell Number: 5

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEGAGTATGCGGACACTACTC GCATGCG
ACGAATTCGGACACATAAAACTAATGAACCCACAAAGAAGCACAGTDUEWGHEIGTGATGAG CGTACGCTGCTTAA
GCCTGTGTATTTTGATTACTTGGGTGTTTCTTCGTGTCATACCATBCESBETC GCATGCGACGAATTCGGACAC
ATAAAACTAATGAACCCACAAAGAAGCACAGTATGGTACGCCTGTGATGAG

GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGZEIBTGAC GCAUGCGAC GCAUGCGAC
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GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGXEIBTGAC GCAUGCGAC GCAUGCGAC
GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC

GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUURSIBAOGGA GAAUUCGGA GAAUUCGGA
GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUURSIBAOGGA GAAUUCGGA GAAUUCGGA
GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUUCGGA

HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK

LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMNLMN LMN LMN LMN LMN LMN LMN

PQR PQR PQR PQR PQR PQR PQR PQR POQR POR POR PQR PQRQR POR PQR PQR PQR PQR PQR

XXXXXXXXXXXXXXXXXXXX
YYYYYYYYYYYYYYYYYYYY

2727772772772 7227272727272727

Cell Number: 6
CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTUBEAGTATGCGGACACTACTC GCATGCG
ACGAATTCGGACACATAAAACTAATGAACCCACAAAGAAGCACAGTDHETIETIGTGATGAG CGTACGCTGCTTAA
GCCTGTGTATTTTGATTACTTGGGTGTTTCTTCGTGTCATACCATBCESBITC GCATGCGACGAATTCGGACAC
ATAAAACTAATGAACCCACAAAGAAGCACAGTATGGTACGCCTGTGATGAG

GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGZGIBTGAC GCAUGCGAC GCAUGCGAC
GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGZGIBTGAC GCAUGCGAC GCAUGCGAC
GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC

GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUURBRBAGGA GAAUUCGGA GAAUUCGGA
GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUURRBAGGA GAAUUCGGA GAAUUCGGA
GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUUCGGA

HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK

LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMNLMN LMN LMN LMN LMN LMN LMN

PQR PQR PQR PQR PQR PQR PQR PQR PQR PQR PQR PQR PQRQR PQR PQR PQR PQR PQR PQR

XXXXXXXXXXXXXXXXXXXX
YYYYYYYYYYYYYYYYYYYY

272727272272772727272727227272777

Cell Number: 7

CGTACGCTGCTTAAGCCTGTGTATTTTGATTACTTGGGTGTTTCTTBEAGTATGCGGACACTACTC GCATGCG
ACGAATTCGGACACATAAAACTAATGAACCCACAAAGAAGCACAGUEWEGTGATGAG CGTACGCTGCTTAA
GCCTGTGTATTTTGATTACTTGGGTGTTTCTTCGTGTCATACCATBCESATC GCATGCGACGAATTCGGACAC
ATAAAACTAATGAACCCACAAAGAAGCACAGTATGGTACGCCTGTGATGAG

GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGZEBTGAC GCAUGCGAC GCAUGCGAC
GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGXEIBTGAC GCAUGCGAC GCAUGCGAC
GCAUGCGAC GCAUGCGAC GCAUGCGAC GCAUGCGAC
GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUURSIBAOGGA GAAUUCGGA GAAUUCGGA
GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUURSSIBAOGGA GAAUUCGGA GAAUUCGGA
GAAUUCGGA GAAUUCGGA GAAUUCGGA GAAUUCGGA

HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK HIK

LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMN LMNLMN LMN LMN LMN LMN LMN LMN
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PQR PQR PQR PQR PQR PQR PQR PQR POQR POR POR PQR PQRQR POR PQR POQR PQR PQR PQR

9. 9.90.9.9.0.9.9.0.909.90.99.9.09.9.9
YYYYYYYYYYYYYYYYYYYY
272727272272772727272727272727272727

Press any key . . .
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