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studying protein sequences in sequencing and branching
environments using cloud computing platforms
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o ABSTRACT o

Changes in protein chains or genetic material can lead to the emergence of various
diseases, some of which may be life-threatening, making early diagnosis crucial to protect the
patient's health. In the relentless pursuit of discovering these changes early, specialized
bioinformatics algorithms have been developed, aiming to analyze protein chains and study
the sequence of the genetic code in DNA. With the large volume and complexity of biological
data, using traditional systems to process these algorithms becomes a real challenge, as it takes
a long time for systems to deal with this huge data.

In this paper, we used a bioinformatics sequencing algorithm to detect protein
sequences, then developed this algorithm into a parallel form, and implemented it via parallel
computing using GPUs available on the Google Colab platform. Then, we made a
comprehensive comparison of the results in terms of accuracy, execution time, and resource
consumption compared to the original sequencing algorithm. The goal of this comparison was
to determine the optimal solution for detecting changes in protein sequences, so that we can
achieve higher accuracy, faster execution time, and lower cost.

Keywords: bioinformatics, amino acids, nitrogenous bases, cell, genome, protein, DNA
sequences, NCBI , BLAST , Google Colab , Processor GPU, SW , NW.
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titin, partial [Drosophila melanogaster]

GenBank: AAC23966.1
GenPept Identical Proteins ~ Graphics

>AAC23966.1 titin, partial [Dreosophila melanogaster]
MQRONENPYQQONQQHQOVQQFSSQEYSHSSQEQHQEQRISRTEQHVQRSQVI TQRQVQQHHGESIGGAY
VPPSLTHVYAQGDISPEVFEQIFENARFAQGGNALFEGRLRGNPRPFVIWT REGAELLESOKFRMS YNEA
TGDVSLLINQIGPGDEGEYICTARNQYGERICSVY IQPEGAPMPALOPIONLEENI YSNGYSYISIEEER
RVDTFEYRLLREVSFREAITRRSGYECDSQLSCELDRHOGPAQAPQISQRE]
NPEPRLIWFHNGORLVASQKYEISYSSGVATLEVENATARDGGHYT LLAENLD:
AYEPKPVDVMAEQLEAGFALPPAFVEAFGDRGT'
LVNESGSHSLMITNVIRLDAGAVOCLARNER AIEAQLNVLEREOVVRAEQEVQ]
SANAIGTPQPRITWOKDGVQISSTAERFVGIDGGATCLEIFRVIANDAGH Y QCTA
EVPREQFSYEQRRLNLPRPFTEVIEFEFIPGFEIIYLRHVERAKPHLRPGEEDRVYFPPQFIIPLONVQQT
EGGRVHMEARTEPVGEDETMVVEWY LNGRPLAASARATSVFEFGFIALDLLS IMGHDSGE YMCRVTNASEY
AESRATLSVVORPSTEQSSONPNSLOYINQLEDYSRYQRTESIDEQLNQAPQF IRFLRDLGEFEEGKNVH
FEAQVIFVNDESMRVEWYKDGLPITASSRITAIFNEGYVSLNILHLRAEDAGIYTVRAVNRIGERISQSS
IRVHSRSQVIADLGIFEQQRY IEKVEELEDYRESPASVVM

o) A (9) gl
b mllaa Ao Smith-Waterman dzajlss 185 . ¢,
Glalld) e Jadall decad) ddalall clwd)edll o Smith-Waterman  dw))lsa e
SV Adadl silad) zhatuly Dgall el Ajledd A€l daaydl fae o adiad Gus il
ST S U Lee cdaaly Lalall gl dudhs zhaY Gaejlsal) s & cdlayall oda b L Talks
agaal) bl a3

Glleall apudl GPU 8asg (e 82l¥) & Cus «Google Colab aladsul dua)lsall 2dm o
B LS il Cnelh il bl Aadiuls dae)lall Jadn s el el ety duleal)
:(\ ~)JSJ.J\

e Ly ey .
bl - ETT T + o QR D¢ Resources X
2
106 aligned_seql = aligned_seql + current_aligned_seql -
187 aligned seq? = aligned seq2 + current aligned seq2 You are not subscribed. Learmn more
108 You currently have zero compute units available. Resources
109 # Reversing the order of the sequences offered free of charge are not guaranteed. Purchase more units
11e aligned_seql = aligned_seql[::-1] here.
111 aligned_seq2 = aligned_seq2[::-1] At your current usage level, this runtime may last up to 3 hours
112 - - 50 minutes
113 return "\n'.join([aligned_seql,aligned_seq2]) Manage sessions
114
115
116 # Reading the two required fasta sequences Python 3 Google Compute Engine backend
117 seql = "MQRQNPNPYQQONQQHQQVQQFSSQEYSHSSQEQHQEQRISRTEQHVQRSQVT TQRQVQQHHGESIGGAY VPP Showing resources from 9:22PM 10 9:26 PM
118 seq2 = "MQRQNPNPYrQONQQHQQVQOrgrEYSHSSQEQHQEQRISbTEQYTTQR2 aQHHGGSIGGAYVPPSLTHhFhV
e § . . ) ) . System RAM Disk
120 # Executing the Smith Waterman local alignment algorithm 1.2/12.7GB 291/107.7 GB
121 print(smith_waterman(seql, seq2))
122
123 ~~—————
3% MQRQNPNPYQQQNQQHQQVQQF SSQEYSHS SQEQHOEQR ISRTEQHVQRSQVTTQRQVQQHHGGS IGGAYVPPSLTH- - - VYA
MQRQMPNPYrQQNQQHQQVQQrgr-EYSHSSQEQHQEQRISBTEQ-V----- TTQRzaQ-HHGGSIGGAYVPPSLTHh]h Change runtime type
« 2m13s completed at 9:25P! [
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GPU plles e Smith-Waterman dsajlsd (e dusdi ddus pghi L€, ¢

i< (g5)gill slelya bl GPU s e Smith-Waterman 4ua) )lsd (e dae s A3 jghad
skl 13g) Aaalu¥) dalyall b Lab e g 2 Aagaa ) ciladlaall dyjlanall Gl Blaialy

Jeladlly &) £, 8,0

B Dlgad clilliay aluall laaies Jdas DA oo Dbl uayleall dae adl Glagd
Ladladl 8130 ) Joeasl) 268 Jie GPU ) el aie dlainall cibaaill aaaty . i) 5US (jlacal
Gl aladtials lyeh o5 Al Ald) Glisanll dalyy & L caslally S8 (g5ine e (lslly (ASiudall
Clibd) i 8 bl Qs e el Cpens sl e 55 ae «CUDA, OpenCL, HIP Jie
Ageenall pal) aladid sale] oy 4S5 BRI (e 52l

skl Cilaaf waas £, Y

oY) G Ol s sl (881 Dlgial Julis il () Qi g8 Cangl) e

GPU 8 55131 aas o 35lls Ahagiesall Linslsnll DLl aaa aaa7e

A3 e 2l dgall Jawal (Intel Arc sl AMD <NVIDIA) (o5 0 gllaall djlass 22a7 0

B sl sl ASill puas €87

1l cgladll 539 Zluloall Smith-Waterman s ylsa (e dueyiall il bty Liad

L@lsial) aanll <al Threading dsSe o)y K

Aale Jsinl) s S (Threads) Jassad) of g1 ases adsill ¢y de gana oL K"

e Thread JS dess Cusy &6 JS Jals Smith-Waterman 4ae))lsa 243 ¥
Lblal) e Cpea gds dAadlas

Olacal Threads caulil) e leasisiy sl ehial ) dug ) dladad) auds 4
sl daall Glgie iy

Flaad) 2)lga (e Syadll Balita¥) Hlacal (5))5ilk Threads cwlill paes Juds o
-0l ey Jidis

Include Threading Library

Functionl Function2 Function2 Function n
S-W1 S-W?2 S-W 3 S-Wn
Sub Seq 1 Sub Seq 2 Sub Seq 3 Sub Seq n
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Running all the threading togather

daeodti daaj lsd ) dsldadl) Smith-Waterman daajlss jughil Agaiall Jabdial) (V1) J<ad)
S pllaa e Smith-Waterman daaj lss a5 .£,0
Google Jals GPU allas e laylid) i dae) lodll Locyiill Axaall polai e elgmi¥l aa
sl il 8 g8l bl dpepniil) CHLAAY) (4o de sena pladiuly Colab
Nothreads (i gllea (Ao 4dadel) Smith-Waterman duajlsd 245 ¢,0,)
L & cdpleall clleall 8 GPU clallas aladiul Ju=iil Google Colab 3 deall &y lae]
F(VY)JSal 8 LS pitull cujglad slSlaall ¢lyalg dilodell Smith-Waterman 4uaylsa Jlaab

(> :‘Li » + o0 B O Resources X
116 # Reading the two required fasta sequences You are not subscribed. Learn more
117 seql = "MQRQNPNPYQQQNQQHQQVQQFSSQEYSHSSQEQHQEQRT SRTEQHVQRSQVT TQRQVQQHHGGS You currently have zero compute units available.
118 seq2 = "MQRQNPNPYrQQNQQHQQVQQrerEYSHSSQEQHQEQRISbFEQUTTQRZaQHHGGS IGGAYVPP Resources offered free of charge are not guaranteed.
119 Purchase more units here.
120 # Executing the Smith Waterman local alignment algorithm At your current usage level, this runtime may last up to
121 print({smith_waterman(seql, seq2)) 4 hours.
122
123 Manage sessions

5% MQRQNPNPYrQQNQQHQQVQQrgr - EVSHSSQEQHQEQRISBFEQ-V-- - - - TTQRzaQ-HHGGS IGGAYVPPSLT )

= YVPPSLTH---VYAQGDISPPVFEQTIFKNARF -AQGGN- - - --— - - ALFEGRLRG-------- NPKPFVTWTRKGA Python 3 Google Compute Engine backend (GPU)
YVPPSLTHhjhVYAQGDISPPVFEQIFKNARFYAQGGNrfefewdwALFEGRLRGAwd s asdaNPKPFVTWTRKGA Showing resources from 8:28 PM to 9:20 PM
PSLTH- - -VYAQGDISPPVFEQIFKNARF -AQGGN - - - - - - - - ALFEGRLRG------- - NPKPFVTWTRKGAPLL
PSLTHh jhVYAQGDISPPVF EQIFKNARFYAQGGNT fefewdwAL FEGRLRGAwds asdaNPKPFVTWTRKGAPLL
NEATGDVSLLINQIGPGDEG- - EY - TCTARNQYGEAICSVYIQPEGAPM- - - - PALQPTONLEKNIYSNGYSYTSI System RAM GPU RAM
NEATGDVSLLINQIGPGDEGasEYQTCTARNQYGEAICSVYIQPEGAPMGuWePALQPIQNLEKNIYSNGYSYTST 21/127GB 0.0/15.0GB
YVPPSL TH- - -VYAQGDT SPPVFEQT FKNARF - AQGGH - - - - - - - - ALFEGRLRG- - -« - -~ NPKPFVTWTRKGA
WPPSLTthhWAQGDISPPVFEQIrKNARFyAQGGmfefewdr.-ALFEGRLRdedsasdaNPKPFVTmmcy
PSLTH- - -VYAQGDTSPPVF EQTFKNARF -AQGGN- - - - - - - - ALFEGRLRG= - == - - - NPKPFVTWTRKGAP) .

v 2m13s completed at 9:19PM L ]
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threads
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P()£) ISl Gy lsie JSE(2Thread)

2Thread (As Jaza GPU gllas (1 £)J<id)
(GPU) chiagus)ll mllas alasials Jaadl o 508 ol d5ball daay ploall A1 cpoas (10 W€
sAllal) Slgladl) o Lol e Ythreads ¢ salia¥) P& (1
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4 import numpy as np
5 import threading

222 tl
223 t2
224 t1.
225 t2.

v

% © :is
219
2208
221

222t
223 12

224 t1.
225 t2.

({)

t@lsie Jh ) bl 5aY) ollac) e

threading.Thread(target=~f1)
threading.Thread(target=~2)
start()
start()

T R LT

PN

= threading.Thread(target=f1)
= threading.Thread(target=f2)

start()
start()

+

RLDAGAVQCLARNKAGEVATEAQLNVLEKE - - - -QVWVAPQFVQRFSTMTVREGEP - - -

RLDAGAVQC LARNKAGEVATIEAQLNVLEKE g fdgQVVAPQFVQRFSTMTVREGEPrer
MQRQNPNPYQQQNQOHQQVQQF SSQEYSHS SQEQHQE QRI SRTEQHVQRSQUTTQRQV
MQRQNPNPY rQQNQQHQQVQQrgr - EYSHSSQEQHQEQRISHFEQ-V--- - - TTQRza

+ 18s completed at 11:18 AM

((071) UKD b LS gl gl i) ol iy Janal ey Judldl Jla) e

[P

Resources X

Pythen 3 Google Compute Engine
backend (GPU)

Showing resources from 11:18 AM to
11:19AM

System RAM GPU RAM
3.4/12.7GB 0.0/15.0GB
Disk

an1 /119 AnD
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sAalll) Slghaal) o Lol e ctthreads (e salian¥) P (1

Ol e A IS paadis 1k e Athreads aladiul Jeall Gl juaste

((OA) Jsal) . oyl
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12581l & Threading 45 (peal S o

4 import numpy as np
5 import threading

440 t1
441 t2
442 t3
443 t4
444 t1.
445 t2.
446 t3.
447 t4a.

start()
start()
start()
start()

Sl UK A sl Jaad a1 sllae) S

threading.Thread(target=f1)
threading.Thread(target=f2)
threading.Thread(target=f3)
threading.Thread(target=f4)

(08) JSEN 8 LS dngill ajglad daa) sl iy Juaeil) aey D) Ja e
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434 t1 = threading.Thread(target=f1)

435 t2 = threading.Thread(target=f2)

436 t3 = threading.Thread(target=f3)

437 t4 = threading.Thread(target=f4)

438 tl.start()

439 t2.start()

240 t3.start()

441 t4.start()

442

—zv PSLTH---VYAQGDISPPVFEQIFKNARF-AQGGN-------- ALFEGRLRG-------- NPKPFVTWTRKGAPLL

PSLTHhIhVYAQGDISPPVFEQIFKNARFYAQGGNrfef ewdwAL FEGRLRGAWd sasdaNPKPFVTWTRKGAPLL
MQRQNPNPYQQQNQQHQQVQQF SSQEYSHSSQEQHQEQRTSRT EQHVQRSQVT TQRQVQOHHGGS TGGAYVPPSLT
MQRQNPNPY rQQNQQHQQVQQrgr - EYSHSSQEQHQEQRISHTEQ-V- - - - -TTQRZaQ-HHGGS IGGAYVPPSLT
YVPPSLTH- - -VYAQGDTSPPVFEQTFKNARF -AQGGN - - - - - - ALFEGRLRG-------- NPKPFVTWTRKGA
YVPPSLTHh]hVYAQGDISPPVFEQIFKNARFyAQGGNrfefewdwALFEGRLRGAwds asdaNPKPFVTWTRKGA
MQRQNPNPYQQQNQQHQQVQQF SSQEYSHSSQEQHQEQRTSRT EQHVQRSQVT TQRQVQQHHGGS TGGAYVPPSLT
MQRQNPNPY rQQNQQHQQVQQrgr - EYSHSSQEQHQEQRIShTEQ-V-- - - RzaQ-HHGGSTGGAYVPPSLT

v 13s  completed at 9:14PM
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