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1 Ââåäåíèå

Áèîèíôîðìàòèêà - ìîëîäàÿ, áóðíîðàçâèâàþùàÿñÿ íàóêà. Ìîùíûé

òîë÷îê ê ðàçâèòèþ îíà ïîëó÷èëà áëàãîäàðÿ ïðèìåíåíèþ ìàòåìàòè÷å-

ñêèõ ìåòîäîâ â áèîëîãèè, äî ýòîãî ïðèìåíÿâøèõñÿ â îñíîâíîì â ôèçèêå.

Öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ ðåøåíèå çàäà÷è áèîëîãèè ñîâðåìåííûìè

ñðåäñòâàìè ìàòåìàòèêè è ïðîãðàììèðîâàíèÿ.

Â ðàáîòå áóäåò ïðîèçâåäåíà êëàñòåðèçàöèÿ ãåíîâ íà k êîìïîíåíò

ìåòîäîì ñðåäíèõ. Äî ýòîãî ïðåäïðèíèìàëèñü àíàëîãè÷íûå ïîïûòêè ìà-

ëàçèéñêèìè ó÷åíûìè. Èõ òðóäû áûëè ïðåäñòàâëåíû â óíèâeðñèòåòñêîì

æóðíàëå [7] , à òàêæå íà íàó÷íîé êîíôåðåíöèè â ñèíãàïóðå [6]. Îñîáåí-

íîñòüþ äàííîé ðàáîòû áóäóò èñïîëüçîâàíèå ÿçûêà ïðîãðàììèðîâàíèÿ

âûñîêîãî óðîâíÿ Python ñ ïðèìåíåíèåì òåõíîëîãèè ïàðàëëåëüíîãî ïðî-

ãðàììèðîâàíèÿ, îñíîâàííîãî íà ñîçäàíèè ìíîæåñòâà ïðîöåññîâ, à òàêæå

êîîðäèíàòíîå ïðåäñòàâëåíèå íóêëåîòèäà, â êîòîðîì íóêëåîòèäó ñîîòâåò-

ñòâóåò ïÿòèìåðíûé âåêòîð èç âåùåñòâåííûõ ÷èñåë, ïðèíàäëåæàùèõ èí-

òåðâàëó [0, 1].

2 Îñíîâíûå ïîíÿòèÿ è îïðåäåëåíèÿ

Íóêëåîòèä - ýòî îðãàíè÷åñêîå ñîåäèíåíèå, ýëåìåíòàðíàÿ ñîñòàâëÿ-

þùàÿ íóêëåèíîâîé êèñëîòû, ïî ñóòè ñòðîèòåëüíûé êèðïè÷ ÄÍÊ. Â ÄÍÊ

êàæäûé íóêëåîòèä êîäèðóåòñÿ îäíèì èç ÷åòûðåõ ñèìâîëîâ: A - Àäåíèí,

C - Öèòîçèí, G - Ãóàíèí, T - Òèìèí.

Êëàñòåðèçàöèÿ - ýòî ðàçáèåíèå ìíîæåñòâà êàêèõ-ëèáî îáúåêòîâ

íà íåïåðåñåêàþùèåñÿ ïîäìíîæåñòâà òàê, ÷òîáû ýëåìåíòû, ïðèíàäëåæà-

ùèå êàêîìó-ëèáî ïîäìíîæåñòâó èìåëè íåêîòîðûé ñõîæèé ïðèçíàê, ñó-

ùåñòâåííî îòëè÷àþùèé èõ îò ýëåìåíòîâ èç äðóãîãî ïîäìíîæåñòâà.[1]
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ÄÍÊ- ýòî óïîðÿäî÷åííàÿ ïîñëåäîâàòåëüíîñòü íóêëåîòèäîâ, êîäè-

ðóþùàÿ ãåíåòè÷åñêèé êîä êàêîãî-ëèáî îðãàíèçìà.

Àëãîðèòì BLAST - àëãîðèòì, ïðåäíàçíà÷åííûé äëÿ ïîèñêà ñõîä-

íûõ ó÷àñòêîâ ãåíîâ äëÿ ÄÍÊ ðàçëè÷íûõ îðãàíèçìîâ, à òàê æå ïðèâåäå-

íèÿ äëèí íåñêîëüêèõ ÄÍÊ ê åäèíîé äëèíå ñ öåëüþ âîçìîæíîñòè ïðèìå-

íåíèÿ ìåòðèêè Õåììèíãà äëÿ íàõîæäåíèÿ ãåíåòè÷åñêîãî ðàññòîÿíèÿ.[12]

Ãåíåòè÷åñêîå ðàññòîÿíèå - ìåðà ãåíåòè÷åñêîé áëèçîñòè ρ > 0

ìåæäó äâóìÿ ðàçëè÷íûìè áèîëîãè÷åñêèìè âèäàìè, ââåäåííàÿ ñ öåëüþ

èçó÷åíèÿ âîïðîñà, íàñêîëüêî áëèçêîðîäñòâåííûìè ÿâëÿþòñÿ ðàçëè÷íûå

âèäû.[4]

Python - ïîñòðî÷íî èíòåðïðåòèðóåìûé ÿçûê ïðîãðàììèðîâàíèÿ âû-

ñîêîãî óðîâíÿ. Â äàííîé ðàáîòå îí áóäåò ïðèìåíåí äëÿ íàïèñàíèÿ ïðî-

ãðàììû êëàñòåðèçàöèè. Â äàííîé ðàáîòå áóäåò èñïîëüçîâàíà âåðñèÿ êîì-

ïèëÿòîðà - Python 3.7.3, IDE - JetBrains PyCharm Community Edition

2019.1.1

FASTA - ôîðìàò ôàéëà, ñîäåðæàùèé ãåíåòè÷åñêèé êîä â ñëåäóþ-

ùåì âèäå:

>(NameOfDNASequence1)

(DNASequenceCode1)

>(NameOfDNASequence2)

(DNASequenceCode2)

.....

>(NameOfDNASequenceN)

(DNASequenceCodeN)
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3 Êëàñòåðèçàöèÿ äàííûõ

3.1 Ïîñòàíîâêà çàäà÷è êëàñòåðèçàöèè

áèîèíôîðìàòè÷åñêèõ äàííûõ

Èìååòñÿ N ãåíåòè÷åñêèõ ïîñëåäîâàòåëüíîñòåé, ñèêâåíñîâ (îò àíãëèé-

ñêîãî sequence), çàäà÷à - ðàçáèòü èõ íà K - êëàñòåðîâ, íåïåðåñåêàþùèõñÿ

ïîäìíîæåñòâ òàêèì îáðàçîì, ÷òîáû ñóììà ðàññòîÿíèé îò êàæäîé ãåíå-

òè÷åñêîé ïîñëåäîâàòåëüíîñòè äî ñîîòâåòñòâóþùåãî åé êëàñòåðíîãî öåíò-

ðîèäà (ñðåäíåãî àðèôìåòè÷åñêîãî âñåõ ïîñëåäîâàòåëüíîñòåé, ïðèíàäëå-

æàùèõ äàííîìó êëàñòåðó) áûëà ìèíèìàëüíîé.

Çàäà÷à îñëîæíÿåòñÿ òåì, ÷òî íå ñóùåñòâóåò îïðåäåëåíèÿ íîðìû ãå-

íåòè÷åñêîé ïîñëåäîâàòåëüíîñòè. Äëèíà ñòðîêè â êà÷åñòâå íîðìû íå ïîä-

õîäèò.

Îäíàêî, êàê ñòàíåò ÿñíî äàëåå, ïðè êëàñòåðèçàöèè ìåòîäîì K-means

ìîæíî îáîéòèñü áåç èñïîëüçîâàíèÿ íîðìû îáúåêòà â ïðîñòðàíñòâå ãåíå-

òè÷åñêèõ ïîñëåäîâàòåëüíîñòåé, äîñòàòî÷íî îïðåäåëèòü èõ ñóììó è äåëå-

íèå íà ÷èñëî.

3.2 Àëãîðèòì êëàñòåðèçàöèè K-means

Äîïóñòèì, èìååòñÿ N ðàçëè÷íûõ îáúåêòîâ, êîòîðûå ñëåäóåò ðàçáèòü

íà K êëàñòåðîâ, ò.å íåïåðåñåêàþùèõñÿ ìíîæåñòâ, îáúåêòû êîòîðûõ èç

âñåõ êëàñòåðîâ íàèáîëåå áëèçêè ïî ðàññòîÿíèþ ê ñîîòâåòñòâóþùåìó èì.

Íà ïåðâîì øàãå ñëó÷àéíûì îáðàçîì âûáèðàåòñÿ â êà÷åñòâå íà÷àëü-

íûõ öåíòðîâ êëàñòåðîâ - öåíòðîèäîâ K èç N îáúåêòîâ. Äàëåå èçìåðÿåòñÿ

ðàññòîÿíèå äëÿ êàæäîãî ýëåìåíòà ìíîæåñòâà îáúåêòîâ äî òåêóùèõ öåíò-

ðîèäîâ è ñòàâèòñÿ êàæäîìó ýëåìåíòó â ñîîòâåòñòâèå íàèáîëåå áëèçêèé ê

íåìó öåíòðîèä. Ïåðåñ÷èòûâàþòñÿ öåíòðîèäû òàê æå, êàê íàõîäèì öåíòð
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ìàññ - ñóììà âñåõ ýëåìåíòîâ, ïðèíàäëåæàùèõ íà òåêóùåé èòåðàöèè ê X

êëàñòåðó äåëèòñÿ íà êîëè÷åñòâî ýëåìåíòîâ, ïðèíàäëåæàùèõ íà äàííîé

èòåðàöèè X êëàñòåðó - ýòî è áóäåò çíà÷åíèå íîâîãî öåíòðîèäà. Âûïîë-

íÿåòñÿ ýòà èòåðàöèÿ ïîâòîðíî äî òåõ ïîð, ïîêà çíà÷åíèÿ öåíòðîèäîâ íå

ïåðåñòàíóò èçìåíÿòüñÿ. Êîãäà öåíòðîèäû ïåðåñòàíóò èçìåíÿòü ñâîå çíà-

÷åíèå, ñ÷èòàåòñÿ ñóììó ðàññòîÿíèé äëÿ âñåõ îáúåêòîâ äî ñîîòâåòñòâóþ-

ùèõ èì öåíòðîèäîâ.

Ýòîò ïðîöåññ çàïóñêàåòñÿ 20 ðàç è âûáèðàåòñÿ òàêîå ðàçáèåíèå, ÷òî

ñóììà ðàññòîÿíèé ìèíèìàëüíà. Ñõåìàòè÷åñêîå èçîáðàæåíèå àëãîðèòìà:
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4 Ìåòðèêè íà ãåíàõ

4.1 Ìåòðèêà Õåììèíãà

Ðàññòîÿíèå ïî õåììèíãó - êîëè÷åñòâî ðàçëè÷íûõ ñèìâîëîâ â îäèíà-

êîâûõ èíäåêñàõ äëÿ äâóõ ñòðîê îäèíàêîâîé äëèíû.[8] Îíî îïðåäåëÿåòñÿ

ïî ôîðìóëå:

D =
N∑
k=1

|Ak −Bk| (1)

ãäå À è Â - äâå ñòðîêè äëèíû N. Åñëè ñîîòâåòñòâóþùèå ñèìâîëû ðàâíû,

òî ðàññòîÿíèå ðàâíî íóëþ, â ïðîòèâíîì ñëó÷àå - åäèíèöå.

Â äàííîé ðàáîòå ìû ïåðåîïðåäåëèì ðàññòîÿíèå Õåììèíãà ñ öåëüþ

óäîáñòâà ðåàëèçàöèè è âû÷èñëåíèé ñëåäóþùèì îáðàçîì. Êàæäîìó ñèì-

âîëó â ñòðîêå ïîñòàâèì â ñîîòâåòñòâèå ïÿòèìåðíûé âåêòîð:

x = (a1, a2, a3, a4, a5) (2)

êàæäàÿ êîîðäèíàòà êîòîðîãî ìîæåò ïðèíèìàòü çíà÷åíèÿ a ∈ [0, 1] è ñî-

îòâåòñòâóåò ñèìâîëàì (A,C,G, T,−) ñîîòâåòñòâåííî â ïîðÿäêå ïåðå÷èñ-

ëåíèÿ. A îçíà÷àåò Àäåíèí, Ñ - Öèòîçèí, Ã - Ãóàíèí, Ò - Òèìèí. Ñèìâîë−

ñîîòâåòñòâóåò ïðîïóñêó, ïîëó÷àåòñÿ ïîñëå ïðîöåäóðû âûðàâíèâàíèÿ ãå-

íåòè÷åñêèõ ïîñëåäîâàòåëüíîñòåé àëãîðèòìîì BLAST. Òîãäà ïñåâäîðàñ-

ñòîÿíèå ìåæäó äâóìÿ ïðîèçâîëüíûìè íóêëåîòèäàìè x è y áóäåò îïðåäå-

ëÿòñÿ ïî ôîðìóëå:

DC(x, y) = 1−
5∑

k=1

xk × yk (3)

à ðàññòîÿíèå ìåæäó äâóìÿ ïðîèçâîëüíûìè ïîñëåäîâàòåëüíîñòÿìè íóê-

ëåîòèäîâ X è Y ïî ôîðìóëå:

DS =
N∑
k=1

DC(Xk, Yk) (4)

Â äàííîé ðàáîòå ìû áóäåì ïðèìåíÿòü èìåííî ýòî ðàññòîÿíèå.
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4.2 Ìåòðèêà Ëåâåíøòåéíà

Ðàññòîÿíèå Ëåâåíøòåéíà - ýòî êîëè÷åñòâî îïåðàöèé çàìåíû îäíîãî

ñèìâîëà äðóãèì, âñòàâêè îäíîãî ñèìâîëà, óäàëåíèÿ ñèìâîëà, ìèíèìàëüíî

íåîáõîäèìûõ äëÿ ïðåâðàùåíèÿ îäíîé ñòðîêè â äðóãóþ.[9]

Ðàññòîÿíèå Ëåâåíøòåéíà øèðîêî ïðèìåíÿåòñÿ, íàïðèìåð, â òåêñòî-

âûõ ïðîöåññîðàõ äëÿ íàõîæäåíèÿ ãðàììàòè÷åñêèõ îøèáîê, ïðåäëîæåíèÿ

íàèáîëåå ïîäõîäÿùåãî ñëîâà, åñëè ñëîâî, ââåäåííîå ïîëüçîâàòåëåì íåäî-

ïèñàíî, â áèîèíôîðìàòèêå äëÿ íàõîæäåíèÿ ìèíèìàëüíîãî ðàññòîÿíèÿ

ìåæäó äâóìÿ ãåíåòè÷åñêèìè ïîñëåäîâàòåëüíîñòÿìè.

Äàëåå ïðèâîäèòñÿ ðåàëèçàöèÿ íà ÿçûêå ïðîãðàììèðîâàíèÿ Python

îïòèìèçèðîâàííîãî èòåðàöèîííîãî àëãîðèòìà Ëåâåíøòåéíà, íà êàæäîì

øàãå ïîòðåáëÿþùèé 2×M åäèíèö ïàìÿòè,

ãäåM = min(len(string1), len(string2)). Àëãîðèòì íå èñïîëüçóåò ðåêóð-

ñèþ, òàê ÷òî íåò îïàñíîñòè ïåðåïîëíåíèÿ ñòåêà, è âìåñòî N×M ïàìÿòè,

ãäå N è M - äëèíû ñòðîê, èñïîëüçóåò ïàìÿòü, íåîáõîäèìóþ äëÿ õðàíåíèÿ

âñåãî ëèøü äâóõ ñòðîê.

def LevensteinDistance(string1,string2):

if len(string1) > len(string2):

string1,string2 = string2,string1

distances = range(len(string1) + 1)

for index2,char2 in enumerate(string2):

newDistances = [index2+1]

for index1,char1 in enumerate(string1):

if char1 == char2:

newDistances.append(distances[index1])

else:

newDistances.append(1 + min((distances[index1],

distances[index1+1],

newDistances[-1])))
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distances = newDistances

return distances[-1]

5 Êîä ïðîãðàììû è äîêóìåíòàöèÿ

5.1 Îáùåå îïèñàíèå

Ïðîãðàììà äëÿ ðàñ÷åòîâ äëÿ óäîáî÷èòàåìîñòè è âîçìîæíîñòè ïîä-

äåðæêè êîäà ðàçáèòà íà 6 ñêðèïòîâ: PlotFunction.py, GeneratingTest -

Data.py, ReadSequencesFromFile.py, NucleotidClass.py, DNKSeqClass.py,

Clusterization.py.

Ðàçáèâêà ïðîèçâîäèëàñü òàê, ÷òîáû êàæäûé ñêðèïò îòâå÷àë çà ñâîþ

îòäåëüíóþ ÷àñòü ðàáîòû ïðîãðàììû. Òàê æå â ïàïêå ñ ïðîåêòîì, ïîìè-

ìî ñêðèïòîâ íàõîäèòñÿ ïðîãðàììà Clustal-omega-1.2.2-win64 è òåêñòî-

âûå ôàéëû TestIn.txt è TestOut.txt â ôîðìàòå FASTA, ãåíåðèðóåìûå

ñêðèïòàìè. Êàê âèäíî èç íàçâàíèÿ, îíè ÿâëÿþòñÿ òåñòîâûìè äàííû-

ìè, äëÿ ïðîâåðêè êîððåêòíîñòè ðàáîòû ïðîãðàììû. Äàííûå ôàéëû ïðè

íàäîáíîñòè ìîãóò áûòü çàìåíåíû ðåàëüíûìè äàííûìè. Â äàííîì ñëó-

÷àå íåîáõîäèìî â ñêðèïòå ReadSequencesFromFile.py çàìåíèòü â ñòðîêå

p = call('clustal-omega-1.2.2-win64\clustalo.exe -i TestIn.txt -o TestOut.txt

-v �force') TestIn.txt è TestOut.txt íà ñîîòâåòñòâóþùèå èìåíà ôàéëîâ

è "îòêëþ÷èòü"ñêðèïò GeneratingTestData.py, çàêîììåíòèðîâàâ ñòðîêó

GeneratingTestData.Generate(NumberOfSequences,NuclsInSequence) â

ñêðèïòå PlotFunction.py.

Äàëåå ïðèâåäåíà êðàòêàÿ áëîê-ñõåìà, èäåÿ ðàáîòû ïðîãðàììû:
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Òåïåðü ðàññìîòðèì ëèñòèíã êîäà âñåõ ñêðèïòîâ ïî îòäåëüíîñòè è

äåòàëüíî îïèøåì ðàáîòó êàæäîãî èç íèõ.

5.2 Clustal Omega

Áûëà èñïîëüçîâàíà ñòîðîííÿÿ ïðîãðàììà clustal-omega-1.2.2-win64

äëÿ âûðàâíèâàíèÿ ìàññèâà ïîñëåäîâàòåëüíîñòåé ñ ïîìîùüþ àëãîðèòìà

BLAST. Âûðàâíèâàíèå íåîáõîäèìî äëÿ ïîèñêà ñõîäíûõ ó÷àñòêîâ ãåíåòè-

÷åñêîãî êîãäà ñðàçó äëÿ âñåõ âõîäÿùèõ ãåíåòè÷åñêèõ ïîñëåäîâàòåëüíî-

ñòåé è ïðèâåäåíèÿ èõ âñåõ ê îäèíàêîâîé äëèíå, ÷òîáû ìîæíî áûëî âîñ-

ïîëüçîâàòüñÿ ìåòðèêîé Õåììèíãà. Ïðîãðàììà íàïèñàíà íà C++ ãðóïïîé
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ðàçðàáîò÷èêîâ èç Èðëàíäèè. Âûðàâíèâàíèå âûïîëíÿåòñÿ ïàðàëëåëüíî,

ñîçäàåòñÿ êîëè÷åñòâî ïîòîêîâ, ðàâíîå ÷èñëó ÿäåð êîìïüþòåðà, íà êîòî-

ðîì çàïóùåíà ïðîãðàììà. Âñå ýòî äåëàåò äàííóþ ïðîãðàììó âûñîêîïðî-

èçâîäèòåëüíîé.

5.3 NucleotidClass.py

Â äàííîì ñêðèïòå îïèñàí êëàññ VecNucleotid, îïèñûâàþùèé ñâîé-

ñòâà Íóêëåîòèäà. îïðåäåëåíèå ñóììû íóêëåîòèäîâ, äåëåíèÿ íà ÷èñëî.

Â êîíñòðóêòîðå def __init__(self,Nucl) íóêëåîòèä, ïðåäñòàâëåííûé

îäíîé èç áóêâ A,C,G,T êîíâåðòèðóåòñÿ â ïÿòèìåðíûé âåêòîð (a1, a2, a3, a4,

a5), êàæäûé ýëåìåíò a êîòîðîãî a ∈ [0, 1]. Äî êîíñòðóêòîðà îïðåäåëÿ-

åòñÿ ñëîâàðü NuclDict = {"A " : 0, "C " : 1, "G " : 2, "T " : 3, "− " :

4}, ñòàâÿùèé â ñîîòâåòñòâèå íóêëåîòèäó åãî êîîðäèíàòû. Ýòîò ñëîâàðü

íóæåí äëÿ ðàáîòû êîíñòðóêòîðà êëàññà.

Äàëåå â ìåòîäå def __add__(self,other) îïðåäåëÿåòñÿ ñóììà íóê-

ëåîòèäîâ êàê ïîýëåìåíòíàÿ ñóììà ñîîòâåòñòâóþùèõ èì âåêòîðîâ, â ðå-

çóëüòàòå êîòîðîé ïîëó÷àåòñÿ íîâûé íóêëåîòèä. Â äåéñòâèòåëüíîñòè ýòà

ñóììà îïðåäåëÿåòñÿ êàê ïîýëåìåíòíàÿ ñóììà âåêòîðîâ, äåëåííàÿ íà èõ

êîëè÷åñòâî, îäíàêî ýòî ðåàëèçîâàíî ëèøü â ñêðèïòå Clasterization, à íå

çäåñü äëÿ óäîáñòâà îïðåäåëåíèÿ êëàññà, íî çäåñü îïðåäåëåíî äåëåíèå íóê-

ëåîòèäà íà ÷èñëî â ìåòîäå def __truediv__(self, number) êàê ïîýëåìåíò-

íîå äåëåíèå åãî êîîðäèíàò íà äàííîå ÷èñëî. Ýòè äâå îïåðàöèè è äàþò

âîçìîæíîñòü îïðåäåëèòü â ñêðèïòå äëÿ êëàñòåðèçàöèè ñóììó N íóêëåî-

òèäîâ êàê ñóììó ñîîòâåòñòâóþùèõ êîîðäèíàò, äåëåííóþ íà N.

Â ìåòîäå def distance(self,N1) îïðåäåëÿåòñÿ ïñåâäîìåòðèêà ìåæäó
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äâóìÿ íóêëåîòèäàìè ïî ôîðìóëå:

DC(x, y) = 1−
5∑

k=1

xk × yk (5)

Â ìåòîäå def __eq__(self,OtherNucl) îïðåäåëÿåòñÿ, ðàâíû ëè íóê-

ëåîòèäû ìåæäó ñîáîé ïóòåì ïîýëåìåíòíîãî ñðàâíåíèÿ èõ êîîðäèíàò.

Â ìåòîäå def IfSpace(self) îïðåäåëÿåòñÿ, ñîîòâåòñòâóþò ëè êîîðäèíà-

òû íóêëåîòèäà ñèìâîëó "− " . Ýòî íóæíî äëÿ îïðåäåëåíèÿ èçíà÷àëüíûõ

äëèí ïîñëåäîâàòåëüíîñòåé ÄÍÊ è ñîðòèðîâêè èõ ïî äëèíå ïîñëåäîâà-

òåëüíîñòè, äëÿ áîëåå îïòèìàëüíîãî íà÷àëüíîãî âûáîðà öåíòðîâ êëàñòå-

ðîâ.

Ëèñòèíã ñêðèïòà:

NuclDict = {"A": 0, "C": 1, "G": 2, "T": 3, "-": 4} #possible values of

Nucleotid

class VecNucleotid: #That class describes elementarty Nucleotid and his

properties

def __init__(self,Nucl):

self.Nucls = [0.0] * 5

self.Nucls[NuclDict[Nucl]]=1.0

def __truediv__(self, number): #determine operation of division to Nucl

self.Nucls=[CoordinateIndex/number for CoordinateIndex in self.Nucls]

return self

def __add__(self,OtherNucleotid): #determine result of sum of two nucl

self.Nucls=[self.Nucls[CoordinateIndex] +

OtherNucleotid.Nucls[CoordinateIndex]

for CoordinateIndex in range(5)]

return self

def distance(self,OtherNucleotid): # determine distance between two

nucleotides

return 1-sum([OtherNucleotid.Nucls[CoordinateIndex] *
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self.Nucls[CoordinateIndex]

for CoordinateIndex in range(5)])

def __str__(self):

return ' '.join(str(e) for e in self.Nucls)

def __eq__(self,OtherNucleotid): #check if two Nuclteotids are equal

return (False not in

[self.Nucls[CoordinateIndex]==OtherNucleotid.Nucls[CoordinateIndex]

for CoordinateIndex in range(5)])

def IfSpace(self): # Check if this Nucleotid is equal to

# -. It's needed to sort Sequences by initial length

if self.Nucls[4] == 1:

return 1

else:

return 0

5.4 DNKSeqClass.py

Äàííûé ñêðèïò îïèñûâàåò êëàññ DNKSequence, îïèñûâàþùèé ñâîé-

ñòâà ÄÍÊ-ïîñëåäîâàòåëüíîñòè. Îí èñïîëüçóåò óæå îïðåäåëåííûå ìåòîäû

è ñâîéñòâà êëàññà VecNucleotid äëÿ ïðèìåíåíèÿ èõ óæå ê ÄÍÊ - ïîñëå-

äîâàòåëüíîñòÿì, à íå îòäåëüíûì íóêëåîòèäàì.

Êîíñòðóêòîð def __init__(self,StrSeq,DNKName="Default"): îòâå-

÷àåò çà ãåíåðàöèþ ìàññèâà íóêëåîòèäîâ èç ìàññèâà ñèìâîëîâ A,C,G,T,.

Ìåòîä def __truediv__(self, number): îòâå÷àåò çà äåëåíèå ÄÍÊ -

ïîñëåäîâàòåëüíîñòè íà íàòóðàëüíîå ÷èñëî. Ïî ñóòè îí äåëèò êàæäûé

ýëåìåíò ìàññèâà íóêëåîòèäîâ íà ýòî ÷èñëî, èñïîëüçóÿ óæå îïðåäåëåííûé

ìåòîä äåëåíèÿ â êëàññå VecNucleotid.

Ìåòîä def __add__(self,OtherSeq): îòâå÷àåò çà ïîýëåìåíòíîå ñëî-

æåíèå ñîîòâåòñòâóþùèõ íóêëåîòèäîâ â ÄÍÊ-ïîñëåäîâàòåëüíîñòÿõ. Îí è

ìåòîä def __truediv__(self, number): ñîâìåñòíî îïðåäåëÿþò ñóììó N ïî-
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ñëåäîâàòåëüíîñòåé êàê ñóììó èõ ñîîòâåòñòâóþùèõ ýëåìåíòîâ, äåëåííûõ

íà N ïîýëåìåíòíî.

Ìåòîä def SeqDistance(self,OtherSeq): îïðåäåëÿåò ðàññòîÿíèå ìåæäó

äâóìÿ ÄÍÊ - ïîñëåäîâàòåëüíîñòÿìè X è Y äëèíû N êàê ñóììó ðàññòîÿ-

íèé ìåæäó èõ íóêëåîòèäàìè ñ îäèíàêîâûìè èíäåêñàìè ïî ôîðìóëå:

DS =
N∑
k=1

DC(Xk, Yk) (6)

ãäå DC - ïñåâäîðàññòîÿíèå ìåæäó äâóìÿ íóêëåîòèäàìè.

Ìåòîä def __eq__(self,OtherSeq): îïðåäåëÿåò, ðàâíû ëè äâå ÄÍÊ-

ïîñëåäîâàòåëüíîñòè ïóòåì ïîýëåìåíòíîãî ñðàâíåíèÿ èõ ýëåìåíòîâ. Åñëè

õîòÿ áû îäíà ïàðà ýëåìåíòîâ ðàçëè÷íà, ò.å íóêëåîòèäû èìåþò ðàçíûå

ïÿòèìåðíûå êîîðäèíàòû, òî è ïîñëåäîâàòåëüíîñòè ðàçëè÷íû.

Ìåòîä def __len__(self): îïðåäåëÿåò íà÷àëüíóþ äëèíó íåâûðàâ-

íåííîé ïîñëåäîâàòåëüíîñòè, ò.å äî ïðèìåíåíèÿ ê íåé è äðóãèì ÄÍÊ-

ñèêâåíñàì ïðîãðàììû Clustal Omega è âñòàâêè â íåå ýëåìåíòà −.
Ëèñòèíã ñêðèïòà:

from NucleotidClass import VecNucleotid

class DNKSequence:

def __init__(self,StrSeq,ThisName): # overloading constructor for DNK

sequence

self.seq=[VecNucleotid(StrSeq[Nucleotid]) for Nucleotid in

range(len(StrSeq))]

self.name=ThisName

def __truediv__(self, DivNumber): # overloading divide operation for DNK

sequences

self.seq=[Nucleotid/DivNumber for Nucleotid in self.seq]

return self

def __add__(self,OtherSeq): #overloading add operation for DNK sequences

self.seq=[self.seq[Nucleotid]+OtherSeq.seq[Nucleotid]
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for Nucleotid in range(len(self.seq))]

return self

def SeqDistance(self,OtherSeq): #Distance between two different DNK

sequences

return sum([self.seq[Nucleotid].distance(OtherSeq.seq[Nucleotid])

for Nucleotid in range(len(self.seq))])

def __eq__(self,OtherSeq): #check if two DNKSeqs are equal

return ( False not in [self.seq[Nucleotid]==OtherSeq.seq[Nucleotid]

for Nucleotid in range(len(OtherSeq.seq))] )

def __len__(self): # Count number of "-" in NucleotidSequence to get its

length

return sum([Nucleotid.IfSpace() for Nucleotid in self.seq])

5.5 GeneratingTestData.py

Äàííûé ñêðèïò, êàê âèäíî èç íàçâàíèÿ, ãåíåðèðóåò òåñòîâûå äàííûå

äëÿ ïðîâåðêè êîððåêòíîñòè ðàáîòû ïðîãðàììû. Â íà÷àëå äëÿ ãåíåðàöèè

ñëó÷àéíûõ ÷èñëå èç ïàêåòà ðàíäîì èìïîðòèðóåòñÿ ìåòîä randint: from

random import randint. Â öèêëå ýòà ôóíêöèÿ ãåíåðèðóåò ÷èñëà îò 0 äî

3 âêëþ÷èòåëüíî, è â çàâèñèìîñòè îò ÷èñëà ìû ïîëó÷àåì áóêâó áëàãî-

äàðÿ ñëîâàðþ: NuclDict={0:"A" 1:"C" 2:"G" 3:"T" }. Òàê æå ñëó÷àéíûì

îáðàçîì ãåíåðèðóåòñÿ ÷èñëî NucleSequences - êîëè÷åñòâî íóêëåîòèäîâ â

òåêóùåé ïîñëåäîâàòåëüíîñòè. Òàêèõ ïîñëåäîâàòåëüíîñòåé ãåíåðèðóåòñÿ

length. Çàòåì âñå ñãåíåðèðîâàííûå ñòðîêè, ÿâëÿþùèåñÿ ïîñëåäîâàòåëü-

íîñòÿìè ñèìâîëîâ A,C,G,T çàíîñÿòñÿ â ôàéë â ôîðìàòå FASTA. Ëèñòèíã

ñêðèòïà:

from random import randint

NuclDict={0:"A",1:"C",2:"G",3:"T",4:"-"}

def Generate(NumberOfSequences=30,NucleotidsInSequence=2000): # Generating Test
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Data

with open("TestData.txt",mode="w") as f:

for i in range(NumberOfSequences):

teststr = [NuclDict[randint(0,4)]

for i in range(NucleotidsInSequence)] #Generating Test

DNKSeq

f.write('>Sequence '+str(i)+'\n')

f.write(''.join(teststr)+"\n")

5.6 ReadSequencesFromFile.py

Èç ïàêåòà subprocess èìïîðòèðóåòñÿ ìåòîä call äëÿ âîçìîæíîñòè çà-

ïóñêà ñòîðîííèõ .exe ôàéëîâ èç Python. Ñ ïîìîùüþ ýòîãî ìåòîäà ìû

çàïóñêàåì ïðîãðàììó Clustal Omega ñ íóæíûìè íàì ïàðàìåòðàìè: p

= call('clustal-omega-1.2.2-win64\clustalo.exe -i TestIn.txt -o TestOut.txt

-v �force') äëÿ âûðàâíèâàíèÿ ñãåíåðèðîâàííûõ ïîñëåäîâàòåëüíîñòåé â

ôàéëå TestIn.txt äëÿ ïîñëåäóþùåãî âûðàâíèâàíèÿ è çàïèñè ðåçóëüòà-

òà â ôàéë TestOut.txt. Ñîçäàåòñÿ ïóñòîé ìàññèâ DNKSequences=[ ] èç

ÄÍÊ - ïîñëåäîâàòåëüíîñòåé, ýëåìåíòû êîòîðîãî - ýêçåìïëÿðû êëàññà

DNKSequence. Äàëåå îòêðûâàåòñÿ ôàéë TestOut.txt è â öèêëå ñ÷èòû-

âàþòñÿ ÄÍÊ-ïîñëåäîâàòåëüíîñòè ïî îäíîé, èç êîòîðûõ ñðàçó æå ãåíåðè-

ðóþòñÿ ýêçåìïëÿðû êëàññà DNKSequence è çàíîñÿòñÿ â ìàññèâ

DNKSequences. Êîãäà âñå ïîñëåäîâàòåëüíîñòè ñ÷èòàíû, ïîëó÷èâøèéñÿ

ìàññèâ ñîðòèðóåòñÿ è âîçâðàùàåòñÿ ôóíêöèè, âûçâàâøåé ReadData(), ò.å

ïåðåìåííîé DNKSequences â ñêðèïòå PlotFunction.py.

Ëèñòèíã ñêðèïòà:

from DNKSeqClass import DNKSequence
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def ReadData():

DNKSequences = [] # Array of DNKSequences

with open("TestData.txt", "r") as filehandler:

# Reading files and creating DNKSequences as Classes

ThisName = ">Pseudo" # this we need to avoid program error

ThisSeq = "AAT"

line = filehandler.readline()

while line:

if line[0] == ">":

DNKSequences.append(DNKSequence(ThisSeq, ThisName))

ThisName = line;

ThisSeq = ""

else:

ThisSeq = ThisSeq + line.strip('\n')

line = filehandler.readline()

# add the last seq because it hasn't been read within loop

DNKSequences.append((DNKSequence(ThisSeq, ThisName)))

DNKSequences.remove(DNKSequences[0]) # removing pseudo sequence

# Sorting by lenght of seq without alignment incremently

DNKSequences.sort(key=len, reverse=True)

return DNKSequences

5.7 Clusterization.py

Èìïîðòèðîâàíèå áèáëèîòåê. Äëÿ âîçìîæíîñòè ñóììèðîâàíèÿ ïðî-

èçâîëüíûõ îáúåêòîâ â ôóíêöèè reduce áûë [2] ïðîèçâåäåí import operator,

äàþùèé âîçìîæíîñòü èñïîëüçîâàòü ìåòîä operator.add. Äëÿ ãåíåðàöèè

ïðîèçâîëüíûõ öåëûõ íåîòðèöàòåëüíûõ ÷èñåë è, òåì ñàìûì, ñëó÷àéíîãî

âûáîðà íà÷àëüíûõ öåíòðîèäîâ áûë ñäåëàí èìïîðò randint èç áèáëèîòå-

êè random. Èç áèáëèîòåêè functools èìïîðòèðîâàí ìåòîä reduce, êîòî-

ðûé â ïàðå ñ ìåòîäîì operator.add ïîçâîëÿåò áûñòðî ñóììèðîâàòü îáú-

åêòû ïðîèçâîëüíîé ïðèðîäû. Èç áèáëèîòåêè statistics áûë ïðîèçâåäåí
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èìïîðò stddev äëÿ íàõîæäåíèÿ ñðåäíåêâàäðàòè÷íîãî îòêëîíåíèÿ äèà-

ìåòðà(íàèáîëüøåãî ðàññòîÿíèÿ ìåæäó ýëåìåíòàìè êëàñòåðà) îò ñâîåãî

ñðåäíåãî çíà÷åíèÿ. Èç áèáëèîòåêè itertoos áûë ñäåëàí èìïîðò ôóíêöèè

combinations äëÿ âûáîðà âñåõ âîçìîæíûõ äâóõ ýëåìåíòîâ â êëàñòåðå.

Ýòî íåîáõîäèìî äëÿ íàõîæäåíèÿ ïîïàðíîãî ðàññòîÿíèÿ ìåæäó ýëåìåí-

òàìè êëàñòåðà è âûáîðà íàèáîëüøåãî èç íèõ.

Àëãîðèòì êëàñòåðèçàöèè: Íà âõîä ôóíêöèè

GetClusterizationProperties ïîñòóïàåò ìàññèâ ÄÍÊ-ïîñëåäîâàòåëüíîñòåé

- DNKSequences, êîëè÷åñòâî êëàñòåðîâ - NumberOfClusters, êîëè÷åñòâî

ÄÍÊ - ïîñëåäîâàòåëüíîñòåé - NumberOfSequences, êîòîðîå ðàâíî

len(DNKSequences), ò.å äëèíå ìàññèâà ñèêâåíñîâ. Äàëåå ïðîèçâîäèòñÿ ãå-

íåðàöèÿ íà÷àëüíûõ öåíòðîèäîâ ñëó÷àéíûì îáðàçîì, ïîñëå ÷åãî ïî àëãî-

ðèòìó K-means èäåò ðàçáèâêà íà êëàñòåðû. Èç ïîëó÷èâøåéñÿ ðàçáèâêè

ìû áåðåì äèàìåòð êëàñòåðà - ìàêñèìàëüíîå ðàññòîÿíèå ìåæäó ýëåìåí-

òàìè â êëàñòåðå ñðåäè âñåõ êëàñòåðîâ è ðàäèóñ êëàñòåðà - ìàêñèìàëüíîå

ðàññòîÿíèå ìåæäó öåíòðîì êëàñòåðà è ýëåìåíòîì äàííîãî êëàñòåðà ñðåäè

âñåõ êëàñòåðîâ. Ýòè äàííûå çàïèñûâàåì â ìàññèâû Diameters, Radii ñîîò-

âåòñòâåííî. Ýòó ïðîöåäóðà ïîâòîðÿåòñÿ 20 ðàç, ò.å â ìàññèâàõ Diameters

è Radii íàõîäèòñÿ ïî 20 ýëåìåíòîâ. Äëÿ ýòèõ ìàññèâîâ íàõîäèòñÿ ñðåä-

íèé äèàìåòð, ðàäèóñ è âîçâðàùàåòñÿ â âûçûâàþùóþ ôóíêöèþ â ñêðèïòå

PlotFunction.py.
Ëèñòèíã ñêðèïòà:

from DNKSeqClass import DNKSequence

import operator

from random import randint

from functools import reduce

from statistics import stdev
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from itertools import combinations

def ArePrevAndCurCentersDiff(PrevC,CurC,NumberOfClusters):

# checking if Centres on current and prev steps are not equal

return (False in [PrevC[i]==CurC[i] for i in range(NumberOfClusters)])

def GetNearestCentr(Centers,ThisDNKSeq,NumberOfClusters): # Get index of

nearest Cluster to DNKSequence

return min([(ThisDNKSeq.SeqDistance(Centers[i]),i) for i in

range(NumberOfClusters)])[1]

def GetClusterizationProperties(DNKSequences,ClusterizationProperties,

NumberOfClusters=2,

NumberOfSequences=10, NuclSequences=1000):

#Initilal Centers of Clusters

PrevCenters=[DNKSequence("A"*(NuclSequences+1),"AAA") for x in

range(NumberOfClusters)]

ClusterIndexes=[0]*NumberOfSequences # ClusterNumber correspond to

DNKSequences with the same index

Iterations=20

Diameters=[]

RangeOfInitSubCluster=NumberOfSequences//NumberOfClusters

Radii=[]

while (Iterations>0):

Iterations-=1

#Initial random centers of Clusters

CurrCenters=[DNKSequences[randint(i*RangeOfInitSubCluster,(i+1) *

RangeOfInitSubCluster)]

for i in range(NumberOfClusters-1)]

CurrCenters.append(DNKSequences[randint((NumberOfClusters-1) *

RangeOfInitSubCluster,NumberOfSequences-1)])

while

(ArePrevAndCurCentersDiff(PrevCenters,CurrCenters,NumberOfClusters)):
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##until centers stop to change

for DNKSeqIndex in range(NumberOfSequences): #assigning

VecNucleotids to Clusters

ind=GetNearestCentr(CurrCenters, DNKSequences[DNKSeqIndex],

NumberOfClusters)

ClusterIndexes[DNKSeqIndex]=ind

PrevCenters=[DNKSeqIndex for DNKSeqIndex in CurrCenters]

for ClusterNumber in range(NumberOfClusters): #Recomputing Centers

of clusters

BelongToThisCluster=[ DNKSequences[i]

for i in range(NumberOfSequences) if ClusterIndexes[i] ==

ClusterNumber ]

SequencesInCluster=len(BelongToThisCluster)

if SequencesInCluster!=0:

CurrCenters[ClusterNumber]=reduce(operator.add,

BelongToThisCluster)/SequencesInCluster

MaxDiameters=[]

MaxRadius=[]

for ClusterNumber in range(NumberOfClusters): # Finding max diameter and

max radius

BelongToThisCluster=[ DNKSequences[i]

for i in range(NumberOfSequences) if

ClusterIndexes[i] == ClusterNumber ]

if len(BelongToThisCluster)>1:

MaxDiameters.append(max([ j[0].SeqDistance(j[1])

for j in list(combinations(BelongToThisCluster,

2)) ]))

MaxRadius.append(max([ j.SeqDistance(CurrCenters[ClusterNumber])

for j in BelongToThisCluster ]))

Diameters.append(max(MaxDiameters))

Radii.append(max(MaxRadius))

AverageD=reduce(operator.add,Diameters)/20

AverageR=reduce(operator.add,Radii)/20

ClusterizationProperties[NumberOfClusters-2] = [AverageD, AverageR,
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stdev(Diameters), stdev(Radii)]

5.8 PlotFunction.py

Èìïîðòèðóþòñÿ ïðàêòè÷åñêè âñå ñêðèïòû, óïîìÿíóòûå ðàííåå. Äëÿ

èçìåðåíèÿ âðåìåíè âûïîëíåíèÿ, ò.å ñêîðîñòè ðàáîòû, ïðîèçâîäèòåëüíî-

ñòè ïðîãðàììû èìïîðòèðóåòñÿ ôóíêöèÿ time èç áèáëèîòåêè time. Äëÿ

ðàñïàðàëëåëèâàíèÿ âû÷èñëåíèé, ò.å ÷òîáû ôóíêöèè íàõîæäåíèÿ äèàìåò-

ðîâ è ðàäèóñîâ ñ îäíèì è òåì æå ìàññèâîì äàííûõ, íî ðàçíûì ÷èñëîì

êëàñòåðîâ âûïîëíÿëèñü ïàðàëëåëüíî, èìïîðòèðóþòñÿ êëàññû Process,

Manager è ìåòîä cpucount() èç áèáëèîòåêè multiprocessing[1]. Ýòî êðîñ-

ñïëàòôîðìåííàÿ áèáëèîòåêà ïîçâîëÿåò ðàñïàðàëëåëèâàòü âû÷èñëåíèÿ â

ñðåäå ÎÑ Windows, ïî ñóòè çàïóñêàÿ ñðàçó íåñêîëüêî èíòåðïðåòàòîðîâ

Python, êàæäûé èç êîòîðûõ çàïóñêàåò ïåðåäàííóþ åìó â ñïèñêå ïàðàìåò-

ðîâ ôóíêöèþ ñ óêàçàííûìè àðãóìåíòàìè. Âî âñåõ 6 ñêðèïòàõ áèáëèîòåêè

íå áûëè èìïîðòèðîâàíû ïîëíîñòüþ, à òîëüêî ëèøü òå ôóíêöèè è êëàññû

èç íèõ, íåîáõîäèìûå äëÿ ðàáîòû ïðîãðàììû. Ýòî ñäåëàíî ñ öåëüþ ïî-

âûøåíèÿ ïðîèçâîäèòåëüíîñòè. Äëÿ ïîñòðîåíèÿ ãðàôèêîâ èìïîðòèðóåòñÿ

ñòîðîííÿÿ áèáëèîòåêà matplotlib.pyplot.

Âíà÷àëå ãåíåðèðóþòñÿ òåñòîâûå äàííûå êîìàíäîé

GeneratingTestData.Generate(NumberOfSequences,NuclsInSequence).

Äàëåå ýòè äàííûå ñ÷èòûâàþòñÿ è âûðàâíèâàþòñÿ êîìàíäîé

DNKSequences = ReadSequencesFromFile.ReadData(). Çàòåì â ïåðåìåí-

íóþ

ClusterizationProperties ïàðàëëåëüíî çàïèñûàþòñÿ äàííûå, îïèñûâàþùèå

çàâèñèìîñòü ìåæäó ÷èñëîì êëàñòåðîâ è äèàìåòðîì, ðàäèóñîì êëàñòå-

ðîâ. Ïîñëå ÷åãî ïî ïîëó÷èâøèìñÿ äàííûì ñòðîÿòñÿ ãðàôèêè êîìàíäîé
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plt.plot b è âûâîäÿòñÿ íà ýêðàí êîìàíäîé plt.show()

Êà èçâåñòíî, ïðîöåññ îáëàäàåò ñîáñòâåííûì ïðîñòðàíñòâîì ëîãè÷å-

ñêîé ïàìÿòè, îòäåëüíîé îò äðóãèõ ïðîöåññîâ. Çäåñü êðîåòñÿ îòëè÷èå ìíî-

ãîïîòî÷íîñòè îò ìíîæåñòâà ïðîöåññîâ - â ìíîãîïîòî÷íîñòè ïîòîêè ðà-

áîòàþò â îäíîì è òîì æå àäðåñíîì ïðîñòðàíñòâå, ñ îäíèìè è òåìè æå

ïåðåìåííûìè, ìàññèâàìè, â îáùåì äàííûìè. Ïðîöåññ æå ïðè çàïóñêå êî-

ïèðóåò äàííûå, ïåðåäàííûå åìó â êà÷åñòâå àðãóìåíòîâ è ðàáîòàåò óæå

ñ íèìè íåçàâèñèìî îò äðóãèõ ïðîöåññîâ. Ýòî ìîæåò ïðèâåñòè ê ñëèø-

êîì áîëüøîìó ïîòðåáëåíèþ ïàìÿòè. ×òîáû ýòîãî èçáåæàòü, â êëàññå

DNKSequence ñâîéñòâî êëàññà NumberOfCluster âûíåñåíî â îòäåëüíóþ

îò êëàññà ïåðåìåííóþ. Â ôóíêöèè GetClusterizationProperties â ñêðèïòå

Clusterization íîìåðà êëàñòåðîâ, ê êîòîðûì ïðèíàäëåæèò äàííàÿ ÄÍÊ-

ïîñëåäîâàòåëüíîñòü ïðåäñòàâëåíû â ìàññèâå ClusterIndexes. Â ñêðèïòå

PlotFunction ÄÍÊ-ìàññèâ DNKSequences ñ ïîìîùüþ êëàññà Manager è

åãî ìåòîäà list ñäåëàí îáùèì äëÿ âñåõ ïðîöåññîâ, ò.å Shared Memory. Ýòî

ïîçâîëÿåò ñýêîíîìèòü N × Arr ïàìÿòè, ãäå N - êîëè÷åñòâî çàïó?åííûõ

ïðîöåññîâ, Arr - âåñ ìàññèâà ÄÍÊ ïîñëåäîâàòåëüíîñòåé â îïåðàòèâíîé

ïàìÿòè. Äàëåå ïðîöåññû çàïóñêàþòñÿ íå âñå ñðàçó, à ïîðöèÿìè, íå áîëü-

øèìè ÷åì êîëè÷åñòâî ÿäåð êîìïüþòåðà. Ýòî äåëàåòñÿ âî èçáåæàíèå ïå-

ðåãðóçêè êîìïüþòåðà, ò.ê â ñëó÷àå çàïóñêà ìíîæåñòâà ïðîöåññîâ êîì-

ïüþòåð áóäåò òðàòèòü âðåìÿ íà ïåðåêëþ÷åíèå ìåæäó ïðîöåññàìè, à òàê

æå êàæäûé ïðîöåññ ñàì ïî ñåáå ïîòðåáëÿåò ïðè çàïóñêå ðåñóðñû ÏÊ.

Ïðåäñòàâüòå ñðàçó 50 èíòåïðåòàòîðîâ Python, îäíîâðåìåííî çàïóùåííûõ

íà ÏÊ, êàæäûé èç êîòîðûõ âûïîëíÿåò êàêèå-ëèáî îïåðàöèè. Äîâîëüíî

ñèëüíàÿ íàãðóçêà.
Ëèñòèíã ñêðèïòà:
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import Clusterization

import matplotlib.pyplot as plt

import GeneratingTestData

from multiprocessing import Process, Manager, cpu_count

import ReadSequencesFromFile

from time import time

NumberOfClusters=6

NumberOfSequences=12

NucleotidsInSequence=1000

if __name__ == '__main__':

print("Program has been started")

GeneratingTestData.Generate(NumberOfSequences,NucleotidsInSequence)

print("Test Data is Generated")

DNKSequences = Manager().list(ReadSequencesFromFile.ReadData()) # Read Data

from file

print("DNA-sequence array has been generated")

ConcurProcs = cpu_count()

ClusterizationProperties=Manager().dict()

start = time()

Processes=[Process(target=Clusterization.GetClusterizationProperties,args=

(DNKSequences,ClusterizationProperties,

ClustersNumber,NumberOfSequences,NucleotidsInSequence,))

for ClustersNumber in range(2,NumberOfClusters+1)]

ThisThreads = 0 # we need this to avoid overloading cpu and memory

# so we will start processes partially

print("Processes are starting up")

while ((ThisThreads + ConcurProcs) <= NumberOfClusters - 1):

for i in range(ThisThreads, ThisThreads + ConcurProcs):

Processes[i].start()

for i in range(ThisThreads, ThisThreads + ConcurProcs):

Processes[i].join()

ThisThreads += ConcurProcs
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for i in range(ThisThreads, NumberOfClusters - 1):

Processes[i].start()

for i in range(ThisThreads, NumberOfClusters - 1):

Processes[i].join()

print("Processes have done their work")

print("Performance time " + str(time() - start) + " seconds")

Diam = [ClusterizationProperties[i][0] for i in ClusterizationProperties]

Rad = [ClusterizationProperties[i][1] for i in ClusterizationProperties]

StdErrD=[ClusterizationProperties[i][2] for i in ClusterizationProperties]

StdErrR = [ClusterizationProperties[i][3] for i in ClusterizationProperties]

Clusters=[i for i in range(2,NumberOfClusters+1)]

StdErrDP = [Diam[i] + StdErrD[i] for i in range(len(StdErrD))]

StdErrDM = [Diam[i] - StdErrD[i] for i in range(len(StdErrD))]

plt.plot(Clusters,Diam,'g-',label='Diameter')

plt.plot(Clusters,StdErrDM,'b:',label='StdErrD-')

plt.plot(Clusters, StdErrDP,'b:',label='StdErrD+')

plt.title("Dependency between Number of Clusters and MaxDiameter")

plt.xlabel("Number of Clusters")

plt.ylabel("Length of MaxDiameter")

plt.show()

StdErrRP = [Rad[i] + StdErrR[i] for i in range(len(StdErrR))]

StdErrRM = [Rad[i] - StdErrR[i] for i in range(len(StdErrR))]

plt.plot(Clusters, Rad,'g-',label='Radius')

plt.plot(Clusters, StdErrRM, 'b:', label='StdErrR-')

plt.plot(Clusters, StdErrRP, 'b:', label='StdErrR+')

plt.title("Dependency between Number of Clusters and MaxRadius")

plt.xlabel("Number of Clusters")

plt.ylabel("Length of MaxRadius")

plt.show()
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6 Ðåçóëüòàòû ðàáîòû ïðîãðàììû

Íàïîìèíàíèå: äèàìåòð êëàñòåðà - ìàêñèìàëüíîå ðàññòîÿíèå ìåæ-

äó ýëåìåíòàìè â êëàñòåðå. Ðàäèóñ êëàñòåðà - ìàêñèìàëüíîå ðàññòîÿíèå

ìåæäó öåíòðîì êëàñòåðà è ýëåìåíòàìè ýòîãî êëàñòåðà.

Çàâèñèìîñòü ìåæäó êîëè÷åñòâîì êëàñòåðîâ è äèàìåòðîì êëàñòåðà

ïðè äëèíå ïîñëåäîâàòåëüíîñòè, ðàâíîé 2500 è êîëè÷åñòâîì ýëåìåíòîâ,

ðàâíûì 50:

Çàâèñèìîñòü ìåæäó êîëè÷åñòâîì êëàñòåðîâ è ðàäèóñîì êëàñòåðà

ïðè äëèíå ïîñëåäîâàòåëüíîñòè, ðàâíîé 2500 è êîëè÷åñòâîì ýëåìåíòîâ,

ðàâíûì 50:

25



Êàê âèäíî èç ãðàôèêîâ, çàâèñèìîñòü ìåæäó êîëè÷åñòâîì êëàñòåðîâ

è äëèíîé äèàìåòðà ëèíåéíàÿ.

7 Çàêëþ÷åíèå

Â äàííîé ðàáîòå áûë ðåàëèçîâàí àëãîðèòì K-means äëÿ êëàñòåðè-

çàöèè ãåíîâ. Äëÿ óäîáñòâà âû÷èñëåíèé íóêëåîòèäû áûëè çàìåíåíû èõ

âåêòîðíûìè ïðåäñòàâëåíèÿìè è íà íèõ áûëà ââåäåíà ïñåâäîìåòðèêà. Ýòî

ñäåëàëî êîä ãîðàçäî áîëåå óäîáî÷èòàåìûì è êîìïàêòíûì, òàê êàê îòïà-

ëà íåîáõîäèìîñòü ââîäèòü ïðàâèëî ñóììû äëÿ 16 âîçìîæíûõ ñîñòîÿíèé

íóêëåîòèäà. Ðåçóëüòàòû ðàáîòû ïðîãðàììû ãîâîðÿò íàì î òîì, ÷òî êî-

ëè÷åñòâî êëàñòåðîâ è äèàìåòð êëàñòåðà çàâèñÿò äðóã îò äðóãà ïî ëèíåé-

íîìó çàêîíó, ÷òî ÿñíî âèäíî íà ïîëó÷åííûõ ãðàôèêàõ. Â õîäå ðàáîòû

áûëè ïðèìåíåíî ìíîæåñòâî áèáëèîòåê Python, â òîì ÷èñëå äëÿ ðàñïà-
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ðàëëåëèâàíèÿ âû÷èñëåíèé.
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