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Biyoinformatik Nedir?
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Biyoinformatik
Nedir?

* Hesaplamali biyoloji, bilgisayar
yardimli analizleri,
modellemeleri ve
tahminlemeleri kullanan tim
biyoloji alt disiplinleri kapsayan
bir ust terim olarak
tanimlanirken, biyoinformatik
ise onun parcas! olarak kabul
edilmektedir.




Biyoinformatik Nedir?

Tisdall (2001), biyolojik verilerin analizinde ve yonteminde hesaplamali aracglarin ve tekniklerin
uygulanmasi.

Luscombe, Greenbaum, Gerstein (2001), biyo-molekiillerle ilgili bilgiyi anlamak ve organize
etmek icin bu molekulleri kavramsallastiran ve enformatik teknikleri uygulayan bir disiplindir.

Higgs — Atwood (2005), genlerin, proteinlerin ve genom yapilarinin fonksiyonlarinin ve
evrimlerinin ¢alisilmasi icin hesapsal metodlarin gelistirilmesi.

Xiong (2006), biyoinformatigi, genlerin, genomlarin ve bunlarin Grinlerinin dizileri ve yapisal-
fonksiyonel analizleri ile ilgilenen bilim dali.




Veri elde etme ve depolama
Veri tabanlarinin kullanilabilirligi
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b iy0i nfo rm ati k Nukleik asit ve protein dizilerinin analizleri ve 6zelliklerinin belirlenmesi
a ra cla r ve Proteinlerin Gic boyutlu yapilarinin tahminlenmesi
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analicler

Gen ve protein etkilesim aglarinin analizleri ve filogenetik karsilastirma
analizleri




Biyoinformatigin
Uygulama
Alanlari

1. Saghk Alaninda Uygulama
Alanlari

Biyoinformatik; ilac kesfi, ilac
degerlendirilmesi ve ilag gelistiriimesinin
neredeyse tum safhalarinda giderek daha
onemli bir rol oynamaktadir.

Bilim adamlari, ortaya cikmis biyoinformatik
araclardan o6nce yeni bilesikler kesfetmek
icin kimya, farmakoloji ve klinik
bilimlerindeki klasik yontemleri
kullanmislardir.
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Bilgisayar Destekli ilac
Tasarimi

* Proteinlerin ug boyutlu yapilarinin ve
fonksiyonlarinin tahminlendigi modelleme
calismalari, bilesiklerin spesifik proteinlerde belirli
bolgelere baglanacak sekilde dizenlenmelerine
olanak tanimaktadir.



Bilgisayar Destekli Ila¢c Tasarimi

Bir dizi biyoinformatik arac, bir proteini baglayan/inhibe edebilen
veya aktive edebilen cok sayidaki bilesigin sanal olarak
taranmasina izin vermektedir.

Sanal Yuksek Hacimli Gortuntuleme, umut verici molekdullerin
olabildigince erken erken belirlenmesini saglamakta; tim ilac kesfi
sirecinde en cok ihtiyac duyulan sureclerden bir tanesini
kisaltmaktadir.




Biyoinformatigin
Uygulama Alanlari

2. Kisisellestirilmis Tip

 Her hastanin genetik yapisina gore
Ozellestirilmis tibbi bakimi ifade
etmektedir.

 Kisisellestirilmis ilaclar veya
tedaviler; toplu, genel ilaglarin sona
erdigi durumlarda bireye maksimum
fayda saglamak icin tasarlanan
ilaclarin devreye girmesi anlamina
gelmektedir.




Tek Nukleotit
Polimorfizmi
(SNP)

* SNP, Tek Nukleotid degisimleri anlamina
gelmektedir.

 SNP’ler, glinimuzde bircok hastalikla
iliskilendirilen, tani koymada gerekli ve kisiye
0zgu tedavilerin gelistiriimesinde kullanilabilen
genetik degisimlerdir.

* insan genomunda yaklasik 6 milyar nukleotid
vardir. Her 1000 ila 2000 nikleotidde bir SNP
gozlenmektedir.
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TCGA€B

Kanser Genom Atlas * TUmor geni ifade verilerini ve klinik bilgileri
Projesi Jaeirle
* Arastirmacilarin bir timortn gelisimi ve
metastazi sirasinda ortaya ¢ikan onemli

genomik degisiklikler hakkinda bilgi
toplamasina olanak tanur.



Biyoinformatigin
Uygulama

Alanlar
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3. Mikrobiyal Genomlarin Biyoinformatik
Uygulamalari

* Genomik ve biyoinformatik veriler, bazi proteinlerin
yapisal karakterizasyonu ile blyuk dlciide
zenginlestirilebilecek kiymetli bilgiler saglar.




Biyoinformatigin
Uygulama Alanlari

4. Biyoteknoloji

e Canli organizmalari insanin
amaclarina goére degistirmek Uuzere
tasarlanmis olan tim  konulari
kapsamaktadir.

* Ornegin, bitkilerin kiltiure alinmasi ve
bunlarin suni seleksiyon ve
melezleme kullanan islah programlari
vasitasiyla ‘iyilestirilmesi’ gibi eski
uygulamalara kadar goturebilecek
cesitli yontemleri kapsar.







Biyoinformatigin Uygulama Alanlari

6. Tarimsal Alanda Biyoinformatik Uygulama Alanlari

e Coklu omiks yaklasimlari kullanan ve sonuclarini birlestiren buttnleyici bir
yaklasim, bitki verimliligini artirmak icin gerekli molekuler sistemleri aydinlatmak
acisindan etkili bir stratejidir.

e Biyoinformatik yaklasimlarin katkisiyla; toprak alkalliligi, serbest aliminyum ve
demir toksisiteleri icin daha fazla tolerans gésteren cesitlerin gelistirilmesinde
ilerleme kaydedilmistir.
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Biyolojik Veri Tabanlari
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Birincil Veri Tabanlari
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e Orijinal biyolojik veriyi icerirler.

* Arastirmacilar tarafindan sisteme yuklenen
islenmemis diziler ve yapisal verilerin
arsivleridir.

e Baslica Uc farkli erisime acik veri bankasi
mevcuttur;

1. Japonya DNA Databank (DDBJ)
https://www.ddbj.nig.ac.jp/index-e.html

2. Avrupa Molekuler Biyoloji Laboratuvari
(EMBL) https://www.embl.de/

3. Amerikan Ulusal Biyoteknoloji Bilgi
Merkezi (NCBI)
https://www.ncbi.nlm.nih.gov/
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Search NCBI

Results found in 33 databases

Literature

Bookshelf
MeSH

NLM Catalog
PubMed

PubMed Central

Genomes

Assembly
BioCollections

BioProject

Genes

Gene 9,874
GEO DataSets 20,297
GEO Profiles 1,310,357
HomoloGene

PopSet

Clinical

ClinicalTrials.gov
ClinVar

dbGaP

=

Proteins

Conserved Domains
Identical Protein Groups
Protein

Protein Family Models

Structure

PubChem

BioAssays
Compounds

Pathways

1,679,673




* Genlere ait nukleik asit ya da
protein dizilerinin gosterimi ve
analizi icin kullanilan en popdler
format FASTA formatidir.

bZIP [Oryza sativa Indica Group]

GenBank: AAKD1315.2
GenPept |dentical Proteins  Graphics

»AAKE1315.2 bZIP [Oryza sativa Indica Group]

MGCTASKNVEQEDTVRRCKERRRHMK EAVASROQLASAHADYLRSLRLTAAALSRFAQOHPSLAVSHHTARP
VLLTTAAPALARPTRPTPPPRSSTASSSLPPPTPLLPEHOQQAPPPPPPTQSHOPPPPYVAVRAPRGGPRALEY
PHILSDSSVASPARSSFREKPVVGTPSSSSAWDMWENFYPPSPPOSEFFDRRKADLEEANRLRELEEEEKAR
GYLHPHHLKEEEDEVDDDDDEREEEMHCGGWEDDDDHY AST TTSETRSEEGEMGNRSECGFAARSEYGGTA
PSEYARAPLPLPLRRRDERSEAGDSSSTVTAAAEMRMVIRHRTLAEIVAATEEY FWKAAEAGNGYSELLE
ASRAQLDRNFROLKKTWVYHSMNSLLSSLSSTWTSKPPLAVRYK LD TNALEMESMEGK SHGSTLERLLAKWEK
KLY QEVKARESVKIEHEKKLSTLOSLEYRGRDSTKLDE TKASINKLQSLIIVTSQAATTTSSAIVRVRDN
ELAPQLVELCFALLSMWRESMNHFHEIQNE IVOQOVRGLVDNSMAESTSDLHRLATRDLEAAVSAWHSNFMR
LIKYORDY IRALYGWLKLTLFQWVDSHNIPQEAY TSLISRELTTFCDENKQALDRLPDASASEATKSFWVNY
HYIY TRQAEEMKIKKRTETY SKELEKK THSLRATEKKYYQSY SMVGLGLPGSGRDGIESHSFDARDPLAE
KETEIAQCRREVEDEMTRHAKAVEVTRESMTLNNIQTGLPGMFQATAGFSGTWVEALDVYVCRRAGSVR



BLAST®

Home Recent Results Saved Strategies Help

Basic Local Alignment Search Tool
BLAST+ 2.12.0 is here!

We have made some improvements to how BLAST
multi-threads and the amount of memory required by
makeblastdb.

BLAST finds regions of similarity between biological sequences. The
program compares nucleotide or protein sequences to sequence
databases and calculates the statistical significance. Learn more

Tue, 13 Jul 2021 12:00:00 EST

E More BLAST news...

Web BLAST




Graphic Summary Alignments

Sequences producing significant alignments

Taxonomy

Download ~ [ Selectcolumns ¥ Show e

select all 100 sequences selected GenPept Graphics Distance tree of results  Multiple alignment [EEMSA Viewer
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nitrate regulatory gene2 protein [Oryza sativa Japonica Group] Oryza sativa Japonica Group 1582 1582 100% 0.0  100.00% YE7 XP _015512857.1
hypothetical protein Ozl 34661 [Oryza sativa Indica Group] Oryza sativa Indica Group 1577 1577 100% 0.0 99.61% 767 EAYTO9532.1
hypothetical protein C2345 PM01G21610 [Panicum miliaceum) Panicum miliaceum 1334 1334 100% 0.0 86.80% 782 BELN41237.1
protein BOLLING AMD ERECT LEAF 2 [Oryza brachyantha] Oryza brachyantha 1326 1326 100% 0.0 90.08% 720 XP 0156970822
hypothetical protein C2345 PMO02G19290 [Fanicum miliaceum] Panicum miliaceum 1318 1318 100% 0.0 86.55% 783 RELN169538.1
hypothetical protein E2562 006163 [Oryza meyeriana var. granulata] Oryza meyeriana var.granulata 1317 1317 100% 0.0 93.14% 767 KAF09237441
protein BOLLING AMD ERECT LEAF 2-like [Panicum virgatum] Panicum virgatum 1417 1317 100% 0.0 36.79% 781 XP 039326276.1
hypothetical protein GQS55 9G396300 [Panicum halli var. hallii] Panicum hallii var. hallii 1316 1316 100% 0.0 86.58% 783 PUZ400241
hypothetical protein GUJ93 ZPchr0012g19843 [Zizania palustris] Zizania palustris 1315 1315 100% 0.0 8842% 763 KAGS092572.1
protein BEOLLING AMD ERECT LEAF 2 [Setaria viridis] Setaria viridis 1314 1314 100% 0.0 86.58% 783 XP 0345758038.1
protein ROLLING ANMD ERECT LEAF 2 [Fanicum virgatum] Panicum virgatum 1310 1310 100% 0.0 86.57T% 781 XP 039735159.1
nitrate regulatory gene? protein-like [Fanicum halli] Panicum hallii 1309 1308 100% 0.0 86.20% 782 XP 0257925551
hypothetical protein CEFC21 011919 [Triticum aestivum] Triticum gestivum 1203 1293 100% 0.0 8588% 771 KAFG9954151
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Explore Search

Research Services Training Jobs About

Exploring the secrets of life - EMBL 5 farkh tiniteden

Europe-wide, global impact, infinite curiosity. The European

& 4
Molecular Biology Laboratory is a powerhouse of biological y .
expertise. \\,d " [ 0] I u §| na kta d I r,

With 27 member states, EMBL currently employs 1800 people with more than
80 independent research groups covering the spectrum of molecular biology at | AI I I |a nya ( 2)

six sites in Barcelona, Grenoble, Hamburg, Heidelberg, EMBL-EBI Hinxton and

Rome.
| ’
| s

Latest updates from EMBL's six sites @

- T —— italya

Ingiltere

Fransa

Avrupa Molekiler Biyoloji
Laboratuvari (EMBL)




DDBJ Web Sites

J a p O n ya (August 14 to 17) DDB.J Center Closing for Summer Break
DDBI Bicinformation and DDBJ Center provides sharing and analysis services for data from life science
a a a n researches and advances science.

Services llll,Ull'J".f; Super Computer .h.‘E{'ii"""' Statistics
! 81 A

Search, analysis, database services of MNIG Supercomputer Statistics of DDBJ Center services
DDBJ Center

Activities About us




Swiss Institute of
Bioinformatics

Ikincil Veri Tabanlar

Z Genes & Genomes
Genomics
Metagenomics

Transcriptomics

Birincil veri tabanlarinda

\ Proteins &

dizilerin fonksiyonel Poeomes
bilgileri genellikle £ s

Evolution biology

minumim dizeydedir.

islenmemis dizi bilgisini daha
ileri dlizeyde biyolojik bilgiye
cevirmek icin dizinin bazi

islemlerden gecirilmesi
gerekmektedir.

£.0. BLAST Uni

SIB Resources ©

W

UniProtKB/Swiss-Prot
Protein knowledgebase

W

STRING
Protein-protein interaction

Expasy

Swiss Bioinformatics Resource Portal

, MSHG, Albumin...

B g8
Bgee

Gene expression expertise

W 8
neXtProt

Human protein knowledgebase

Home

B SEey

SwissRegulon Portal

Tools and data for regulatory
genomics

B 8

EPD
Eukaryotic Promoter Database

About SIB News Contact

W 8

SwissLipids
Knowledge resource for lipids

gE£ &

V-pipe
Viral genomics pipeline
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Swiss Institute of
Bioinformatics

Expasy

Swiss Bioinformatics Resource Portal

e.g. BLAST, UniProt, MSHE, Albumin...
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Genomics
Metagenomics W = H = H = W,

Transcriptomics
CrsiecBDaculan Portal SwissLipids



Belli bir organizmaya veya 6zel bir arastirma

konusuna ait bilgileri barindiran veri tabanlari
‘Ozellesmis veri tabanlari’ olarak adlandirilir.

Ozellesmis Veri

Tabanlar Bu veri tabanlarindaki bilgi; belli bir

organizmaya ait dizi verilerini, proteinleri,
belirtecleri, biyokimyasal yolaklari ve Griunleri,

genom hartalarini, gen ifadesi analiz bilgilerini
icerebilir.




Ozellesmis Veri
Tabanlari Konularina
Gore;

© 6

NUKLEIK ASIT Dizi VE METABOLIK VE SINYAL
YAPISI, TRANSKRIPSIYONEL YOLAKLARI, PROTEIN-
DUZENLENME PROTEIN ETKILESIMLERI

PROTEIN DiziSi VE YAPISI

VIRUS, BAKTERI, INSAN HASTALIKLARI VE BiTKILER
PROTOZOA VE MANTAR ILACLAR

GENOMIGi



Search Browse Tools Portals Download Submit News Stocks

Saccharomyces Ao

Sequence ~ Function Literature Community ~

GENOME DATABASE

The Arabidopsis Information Resource Breaking News

About SGD * 2020-21 MASC Report
From Bench to Bountiful Harvests 23,2001

The latest annual report of the
Multinational Arabidopsis
Steering Committee

(MASC) contains recent
updates from the Arabidopsis
research community. Download
the 2021 report here.

The Saccharomyces Ger
integrated biologica'
cerevisiae along®

the discoverv

infungiar

See you at the ASPB 2021
Worldwide Summit

[Jul 9, 2021]

We are looking forward to

seeing you at the ASPB
Worldwide Summit July 19-23.

Hsf1p-target genes (green) coalesce into fod after heat shock (nuclear pore complex, redj Attend the Plant
Image courtesy of S. Chowdhary and A_ Kainth, Gross Lab, L SU Health Sciences Center, Bicinformatics workshop and
learn more about PhyloGenes
or visit us at the AgBioData
@ booth to see lots of great
o~ . . resources including TAIR.
OZE' Ie§| I I Is Ve rl ‘ 27th public release of
TAIR®Phnoeniy data

Help v - - dJld you like *. get involved in the improvement of your favorite website?
Ta b a n | a rl Join the FlyBase Community Advisory Group!
FB2021_03, released June 15, 2021
A Database of Drosophila Genes & Genomes
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amino acids peptide protein

Gen ve Promotor Bolgelerinin Analizleri




Prokaryotic gene structure

ORF (open reading frame)

TATA box
Start codon Stop codon

IATEACAGATTACAGATTACAGATTACAGGAT

Frame1
Frame?2

Frame 3




Gen Tahmininde Kullanilan Yontemler

I Ab initio .

Categories of gene prediction programs

Gene prediction methods

‘ ' Homology

¥ translated DNA matches
known protein sequence

¥ statistical deseription
of coding regions

¥ start/stop codons

¥intron splice signals
¥'transcription factor binding sites
¥ ribosomal binding sites

v poly-adenylation sites

v difference between coding || ¥ exons of genomic DNA
and non-coding regions match a sequenced cDNA

Intrinsic methods: without reference to known sequences
Extrinsic methods: with reference to known sequences



Polipeptid zinciri

o My
Protein Yapi Analizleri foro
g nn -OD ¢ Aminoasitler s
! ~, ’
s e
- NS eees
* Protein, peptid, ve enzimleri e oo”

olusturan en kucuk yapi tasi olan
amino asitler, bir ucunda karboksil

Amino grubu

NH,

diger ucfunda amino grubq bglunan H=C—COOH| Aminoasit
ve sahip oldugu vyan zincirlerde 1R grubu
grubu

notral, polar ya da iyonlasabilen
gruplar tasiyan kicuk yapilardir.




Proteinlerin Ug
Boyutlu Yapisi

* Proteinlerin dogru amino asitler

alfa heliks
¢alismasi icin yapisal NNy T
0 ' iNni Ifa helik |
dzelliklerini < alfa heliks }
belirleyen g NAARA ¥

primer sekonder tersiyer kuaterner

hitp://eng thesaurus rusnano. comiwiki/
article561

boyutlu yapinin
katlanma ile dogru
olarak hatasiz bir
sekilde olusmasi
gerekir.




Protein Yapisi Dort Seviyede Incelenir:

Birincil (primer) yapi: Bu
seviyede sadece polipeptid
zincirini olusturan amino
asitlerin amino ucundan
karboksil ucuna dogru dizisi
incelenir.

Ucglincil (teriyer) yapi: bu
seviyede her bir polipeptid
zincirinin katlanmasi ile
olusan yapilar s6z
konusudur.

Ikincil (sekonder) yapi: Bu
seviyede duzenli alt yapilar
bulunmaktadir.

Dordiincii (kuarterner)
yapi: Birkac protein veya
polipeptid zincirinin bir
araya gelmesiyle olusan
yapilardir.




Proteinlerin 3 Boyutlu
Modellenmesi

Ab Initio Yontemler

2. Homoloji Modellemesi
(Benzetme Yoluyla Modelleme)

3. Giydirme Yoluyla Modelleme

4. Kuicuk Parcalardan Butunleyerek
Modelleme

5. Kuantum Mekaniksel Yontemler

/4



Molekuler Filogenetik
Analizler

* Filogeni; dallarla baglanmis
diglimler iceren agac benzeri bir
diyagramdir.

e BUyuk taksonlar arasindaki

akrabalik iliskilerini gostermek
Uzere gelistirilmistir.

Dis dal

I dal

N

I diigiim

Varsayimsal Taksonomik Birimler
(HTUs)
(varsayimsal ata)

Dis diigiim

Operasyonel Taksonomik Birimler
(OTUs)
(Taksonlar)




Filogenetik Agac
Formlari

e Kdkslz bir agac organizma ya da dizilerin ortak
atasi hakkinda bilgi vermez. (A)

* Evrimsel bir yoldan ya da ortak bir atadan
bahsedilmek isteniyorsa filogenetik agac kokli
olarak cizilmelidir. (B)

b




Molekuler Filogenetik
Analizler

e Ortolog
e Paralog

e Zenolog

Orthologous or paralogous homologs?

— _/ — /)
Y b o/ ¥
Orthologs () Ve Orthologs (B)
Paralogs (cattle)
~— _
——
Homologs

Orthologs — diverged only after speciation — tend to have similar function

Paralogs — diverged after gene duplication — some functional divergence occurs
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3. Uygun metodun secimi

Maximum
Parsimony (MP)

Character Based
Methods

Maximum
Likelihood (ML)

4. En ivi agacin belirlenmesi

Molecular
Phylogenetics

Bayesian
Inference

Distance Based Methods

Cluster Analysis
(UPGMA)

Neighbor Joining
(NJ)
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e Agac seklinin gecerliligi
e Evrimsel uzaklik (mesafe)
e Her ic dalin gecerliligi
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Table 1. A catalog of Phaseolus vulgaris SRS proteins.

Physical position on P. valzaris

ID Genomic I.}atahase — " l;:-':t::: pL Ibf[.u]ecn]ar In?tahi]ity St:I:]e GRAVY A]-ip]latic NE:BI Subcellular Localization
Identifier Chr Start position | End Position (an) weight (Da) | index unstable index | Accession No.
(bp) (bp)

Pvul-SR5-1 | Phvul.001G009800.1 1 745,648 747,517 333 7.58 36016.48 53.50 unstable| -0.721 44.32 XP_007160701.1 nucl: 14
Pvul-5RS-2 | Phvul.002G166700.1 2 32,187,166 32,189,997 320 6.20 34755.12 67.92 unstable | -0.780 49,94 XP_007158006.1 nucl: 14
Pvul-SR5-3 | Phwvul.003G253100.1 3 49,744,203 49,747,367 308 6.70 33688.00 57.05 unstable| -0.726 54.16 XP_007156095.1 nucl: 14
Pvul-5RS-4 | Phvul.005G026300.1 3 2,392,005 2,394,759 343 7.95 37157.49 38.98 stable -0.609 62.01 XP _007148931.1 nucl: 12, cyto: 1
Pvul-SR5-5 | Phvul.006G030400.1 6 11,652,407 11,656,108 376 6.77 A0766.73 47.98 unstable| -0.693 58.27 XP_007146319.1 nucl: 11, cyto: 2
Pvul-5RS-6 | Phvul.008G200700.1 8 34,692,797 54,695,445 347 8.5335 36639.58 44.27 unstable| -0.582 51.99 XP _007141493.1 nucl: 14
Pvul-SR5-7 | Phvul.009G004300.1 9 813,159 814,237 217 2.91 23929.74 58.82 unstable| -0.801 45.35 XP_007135936.1 nucl: 13
Pvul-5RS-8 | Phvul.005G0L13700 9 2,257,534 2,260,297 309 8.48 33443.08 31.44 unstable| -0.637 34.01 XP _0071326048.1 nucl: 14
Pvul-SR5-9 | Phvul.011G041200.1 11 3,748,783 3,750,042 211 2.61 23763.69 57.87 unstable| -0.714 53.13 XP_007131783.1 nucl: 13
Pvul-SRS-10 | Phvul.011G206400.1 11 32,434,964 52,440,240 328 7.63 35249.79 43.29 unstable | -0.660 58.90 XP_007133753.1 | nuchl: 3, chlo: 2, cyto: 2
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7.4 End
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Fig. 1 Chromosomal location of P. vulgaris SRS genes. The rectangle with color refers to tandem gene
duplication event and segmental duplication events were not shown due to the presence of large number
events. Numbers on the left side of chromosomes indicate chromosome position (Color figure online)



Gene 1 Chr Gene 2 Chr Ks Ka Ka/Ks MYA Duplication Type
Pvul-5R5-1 1 Pvul-5RS5-2 2 39174 04037 0,1031 30,13 Segmental
Pvul-5RS-1 1 Pvul-SRS-3 3 47012 03915 00833 36,16 Segmental
Pvul-SRE-1 1 Pyvul-SRS-8 2] 0,9573 0,248 0,2591 736 Segmental
Pvul-5RS-2 2 Pvul-SRS-3 3 1,0201 02492 02419 792 Segmental
Pvul-SRS-2 2 Pvul-SRS-5 (5] 36637 06195 0,1691 28,18 Segmental
Pvul-SRS-2 2 Pyvul-SRS-& a T.7478 06318 00816 5050 Segmental
Pvul-SRS-2 2 Pvul-SRS-7 2] 10,6193 05248 00494 81,68 Segmental
Pvul-SRS-2 2 Pyvul-SRS-8 2] 47599 04945 0,1039 36,61 Segmental
Pvul-5R5-2 2 Pyul-5R5-9 11 2, 7452 05479 00,1996 21,11 Segmental
Pvul-5RS-3 3 Prul-5R5-8 9 27144 04516 0,1554 20,838 Segmental
Pvul-5R5-4 o Prul-5RS-5 5] 3.6051 0,5941 0,1548 2773 Segmental
Pvul-5R5-4 3 Pvul-5R5-6 a 2,6968 0,571 02117 20,74 Segmental
Pvul-5R5-4 3 Pvul-SRS-10 11 0,8433 02763 03276 0,45 Segmental
Pvul-5R5-5 6 Pvul-5R5-6 a 1,2397 02288 0,1846 953 Segmental
Pvul-5R5-5 6 Pvul-SRS-10 11 06187 05835 0,0607 73,99 Segmental
Pvul-5R5-6 2 Pvul-SRS-10 11 46584 05339 0,1146 3583 Segmental
Pvul-SRS-7 g Pyvul-SRS-8 2] 2,1075 045681 02221 16,21 Segmental
Pvul-SRS-7 g Pyul-SR5-9 11 1,0861 0,3095 0,285 835 Segmental
Pvul-SRS-7 g Pyvul-SRS-8 2] 2,1075 04681 02221 16,21 Tandem

Ka non-synonymous divergence value, Ks synonymous divergence value, Ka/Ks rate of change, M¥A Million vears ago
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Fig. 2 Gene structures of SRS family members from A. thaliana, G. max, O. sativa, and P. vulgaris with
clustering based on the NJ-based phylogenetic tree. Introns are presented by lines. UTR (Untranslated
region) and CDS (Coding sequence) are indicated by blue- and orange-filled boxes, respectively (Color
figure online)
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Motit Symbol Motif Consensus
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Fig.3 Conserved motifs of Pvul-SRS proteins from P vulgaris. Schematic depiction of 20 conserved
motifs in Pvul-SES proteins. The MEME online tool was used to identify motifs. Each motif type is
denoted using different-colored boxes, and the numbers in the boxes (1-20) signify motifs 1-20. The
length and position of each colored box is scaled to size and motif consensus was provided (Color figure

online)
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Fig.5 Phylogenetic analyses of SRS proteins from four plant species. The phylogenetic tree was con-
structed using the NJ method. The identifier names of SRS proteins of Phaseolus vulgaris, Arabidopsis
thaliana, Glycine max, and Oryza sativa start with ‘Pvul,” ‘AT,” ‘Glyma,” and ‘LOC Os,’ respectively.

Bootstrap values were shown next to the branches. A: Group A, B: Group B, C: Group C
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Fig.6 The 3-dimensional structures of Pvul-SRS proteins. The secondary structure elements a-helices,
B-sheets, and coils (disordered structures) are indicated for the predicted 3D structures of Pvul-SRS
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Fig.8 Tempo-spatial expression patterns of Pvul-SRS genes in different organs in P. vulgaris. The log2
transformation of the average of expression values were used to generate the heat map with PermutMa-
trix software. Green and red in the color scale indicate high and low transcript expression, respectively.
Root 19: 19 days after planting; Root 10: 10 days after planting: Stem 19: 1Y days after planting; Stem

10: 10 days after planting (Color figure online)
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Fig.9 Heatmap of Pvul-SRS genes differentially expressed under control/salt stress and control/drought
stress conditions derived from RNAseq analysis. The log2 transformation of the average of expression
values were used to generate the heat map with PermutMatrix software



“LeSekkiivier...

okay.al3@hotmail.com

Kaynak: Biyoinformatik Temelleri ve Uygulama Alanlari









