





Genom, evrim giiciiyle devaml|
modifikasyona maruz kalan,

dinamik bir yapidir.




Evrim,doQal sistemlerde;hiicre, organ,
birey: ve populasyon bazinda en iyi Sekilde

kullanilan (belki de kaillaniin:
kazanilmasina sebebiyet verir.
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N RNA. molekalletinin oluguﬁu
2 Protem senj;ezﬂﬁ“saglayacak mekamzma— larln.
oelisithi - ¥ cendiiin

3 RNACyI ve pro*teuﬂerl bir arada tutacak lipit
membranin oltiSumu




Evrimin 1zledig1 1k1 onemli yol vardir :

1.Genetik bilgide rastgele varyasyonlar
meydana gelmesi

2. Dogal seleksiyon




RNA'dan DNA Nasil Meydana Gelmistir?

[A) A ribozyme that is alio 2 coding melecule (B] A ribozyme that synthesizes coding malecules
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RNA 'nin evrimine iligkin iki model

A)Ribozim katalitik ve kodlama olarak iki fonksiyonu yerine
getirecek sekilde gelismistir.

B)Ribozim kodlama yapan molekull senteziemistir.




Yeni Genlerin Kazanilmasi

Yeni genlerin genoma kazandirilmasinda iki yol vardir;

v'Genomdaki baz1 genlerin ya da biitiin genlerin
duplikasyonu

v'Diger tiirlerden genlerin kazanilmasi
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ler,zararli mutasyonlarin onlari
dgen haline gelmislerdir.

ailesindeki pseudogenlerin dizisi analiz
edici mutasyonlar; kodlama yapan

angi¢ kodonunda ve daha az olmakla birlikte
fsunda cerceve degisimi ve sessiz mutasyonlar



de meydana gelen mutasyonlar, gende
on yerine organizma ig¢in yararl olan yeni bir
ana gelmesini saglar.

ganin farkli gelisim evrelerinde kullanilan
Inin olusumu.
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» a- ve B-globinler, 500 milyon yil 6nce atasal globin
geninden meydana gelmislerdir.

Globin gen ailesinde evrim silresince meydana gelen gen
duplikasyonlari
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2.Diger Turlerden Yeni Genlerin Kazanilmasi (Lateral
gentransferi)
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-Bakteriyal ve arkeal genom karsilastirildiginda lateral gen transferinin,
prokaryotik genomun evriminde énemli bir yeri oldugunu géstermistir.

-Okaryotlarda bazi genlerbakteri ve arkelerdeki bazi genlerle benzerlik
gosterir.Bu lateral gen transferinden ziyade milyonlarca yildir stiren evrim
sUresince meydana gelen bir korunmusluktan kaynaklanmistir.




Genom buyd
nedenlige bagli
kUcultmeye gittik

Carsonella ruddii

Genom Kucultulmesi

kKligl Uzerine yapilan analizler,islevsel
olarak, bazi canlilarin genomlarinda
lerini gostermistir.

Genomu en kugUk olan organizma olan
C. ruddii bakteriyal bir simbiyonttur.Pek
¢cok yasamsal iglev geni bulunmuyor.




Kodlama Yapmayan DNA

Qinsan genomunun sadece %1.5 ‘i
kodlama yaptigina goére, bu durumda
genomun evriminde sadece kodlama
yapan kisimdan bahsetmek yetersiz
kalacaktir.

JGenomun kodlama yapmayan bazi
bolgeleri ( drn.dlzenleyici bdlgeler)
dnemli fonksiyonlara sahiptir.

A Kodlamayan DNA'nin evrimi
hakkinda sodyleyebilecegimiz tek sey
bu bélimlerin rastgele degisime
ugramasidir.

.




Intronlarin Kokeni

Intronlarin olusumunda iki model ileri surtimastur;

1. Erken model : intronlar ¢cok eskiden beri var ve asamall olarak
dkaryotik genomdan kaybolmakta)

2. Ge¢ model :intronlar sonradan o6karyotik genomda birikmeye
baslamistir

Intronlarin kékenine yonelik tartismalar sirmektedir.
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£ “#*" T Hayvan genomlarinda yapilan
4 incelemeler, intronlarin arttigini
- gostermistir.
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Transpozabl Elementler

Transpozabl elementlerin genom evrimi Gzerine olan en buydk etkisi
rekombinasyonu baslatmasidir.

- Transpozabl element bitisigindeki DNA parcasinin genomda baska

yerlere entegre olmasina,

- Gen ekspresyonunun degismesine neden olabilir ve hatta genin anlatim

yapmasini engelleyebilir.
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Evrime Gen Freni (Nature,5 Subat 2007)

Ingiltere’nin Bath Universitesi
arastirmacilarindan

Laurence Hurst ve ekibine gére;bazi DNA
parcala-

ri,ilgili genleri ‘ideal’ protein fabrikalari
olmaktan

clkacak dlclde yavaslatarak, bu yonde evrimi
de-

netim altinda tutuyor.




PROTEINLERIN EVRIMI

» Protein evrimi;zamanla bir protein dizisinde meydana
gelen degisimlerdir.

e GUnUmuzde:
v" molekiler klonlama teknikleri,
v DNA sekans metotlari,

v hizl dizi karsilastirma algoritmasi ve bilgisayar
calismalarinin birbirine yardimci olan gelismeleri
sayesinde proteinlerin yapi ,fonksiyon ve evrimi
aydinlatiilmaya calisiimaktadir.




» Protein dizi karsilastirmalari,homolog proteinlerin tahlili
icin bilgi vericidir.

» Homolog protein;ortak kuramsal bir atadan evrimlestigi
disundlen,benzer aminoasit dizisi ,benzer fonksiyon ve
benzer U¢ boyutlu sekle sahip olan proteinlerdir.

* Homoloji terimi dizi benzerligi ile sinonim bir kavramdir
ama gercek anlamda homoloji;ortak bir atadan evrimsel
ayrimi ifade eder.




Protein evriminin iki yaygin tipi vardir;
= Divergent Evrim
= Convergent Evrim

Divergent evrimin de iki tipi vardir;

- Ortolog gvrfm: tarlerin ayrimindan kaynaklanan
evrimdir.Ornegin farkli tlrlerden elde edilen sitokrom-c bir
ortolog proteindir.

- Paralog evrim: bir organizmadaki gen duplikasyonlarindan
kaynaklanan ayrimi ifade eder.Ornegin farenin B-globin ve
Insanin a-globinleri parolog ;insan ,fare,tavuk a-globinleri
ortologdur.




Karsilastirmal Genomik

Zanlilarin DNA dizilerini karsgilastirarak evrimsel iligkileri
anlamamizi saglar.Bu karsilastirma sonucunda;

'Bazi genlerin evrim slrecinde olduk¢a fazla korundugu,
'Bazi genlerin ise evrim surecinde birbirinden ayrildigi,
'Degisik tlrlerde genom boyutunun ve gen sayisinin farklilik
yOsterdigi gorulmustar.
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. Mutasyon

Genomik Farkliliklarin Nedenleri

. Segmental duplikasyon

. Parolog ,ortolog evrim

. Kromozomlarin yeniden dizenlenmesi

. Kromozom duplikasyonu-poliploidizasyon
. Gen inaktivasyonu

. Pseudogenler

. Gen transferleri

Vertikal gen transferi
Lateral gen transferi
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Biyoinformatik Yardimiyla Evrimsel iliskilerin
Belirlenmesi

- BLAST (BASIC LOCAL ALIGNMENT SEARCH TOOL)

Ayni ya da farkli organizmalar arasinda ,ntkleotid dizisi ya
da

protein dizisi karsilastirmasini yapan bu bilgisayar programi
sayesinde arastirmacilar; dizilemesi yeni yapilan genin

fonksiyonunu anlamak, hangi gen ailesine ait oldugunu
bulmak

ve evrimsel iliskileri acida ¢ikarmak acisindan buyuk dlgude
yararlanirlar.




Iki dizi arasinda benzerlik olduguna karar vermek kolay degildir.
Ornegdin insan ve sempanze genomlari arasinda %96 benzerlik

oldugu gosterildi. Bu gercekte ne anlama geliyor?
ki diziyi inceleyelim;

Sequence 1

AGTTCGATAGCTAAGGTCGG

Sequence 2

AGTTCGATAGCTATGGTOGG

Her iki dizi de 20 baz icermektedir ve sadece bir baz acisindan

farkhdirlar. Yani
20 bazdan 19 ‘u aynidir. Bu durumda iki dizi arasindaki benzerligin

%95
oldugunu sdyleriz.



« BLAST programi sorgulamasini yapacagimiz bir diziyi, veri
tabaninda bulunan diger butin organizmalara ait dizilerle
karsilastirir ve hangi organizmalarla ne kadar benzerlik
olabilecedini adsterir.

Results from BLAST search

Sequence [y | Description Query | Match E Value

| 3669 Homo sapiens, =7 Gy 1o?

ataxia |:=r.1|'|t,_*im;l.=hia

[4527 Home sapiens, 57 ‘ 6x 1o

phosphatidylinosital 3-kinase

38302 Mus prscfus, 37 s 2x 107
chromosome |8 S
03756 Arabidopsis thaliana, 57 :1‘({ - 1.5
moarganic pyrophosphatase 4 ﬁ
13142 Dirasophila melanogaster 57 gy ]
1Y
4113 Feoli, ColN plasmid gene 57 = |5

forcolicin ™ — '




- CLUSTAL
Clustal programi adini Turkce karsiligi ‘kime’ olan ‘cluster’ dan alir. Bu

program, ayni anda birden fazla diziyi karsilastirmamizi saglar.
Arastirmacilar

bu program sayesinde populasyonda genetik varyasyonu incelerler.

Unaffected person

ATCATCTTTGGTGTT

Unaffected person

ATCATCTTTGGTGTT

Affected person

ATCATT _ _ _GTTGTT

Sekilde gosterilen 6rnek cystic fibrosis ile ilgili bir gen dizisinin,
CLUSTAL programindan yararlanilarak karsilastiriimasini
gostermektedir.



- Coklu dizi benzerliklerinin incelenmesi, ayrica turler arasindaki
evrimsel iliskilerin belirlenmesini saglamaktadir.

« CLUSTAL programi sayesinde 6nce benzerlikler en iyi sekilde
bulunur, bir baska programla da evrimsel akrabaliklar hesaplanir ve
sonunda tdrler arasinda dizi acisindan evrimsel iliskilerin gésterildigi

bir agac diyagrami cizilir.

CLUSTAL alignment of sming acid sequencas of cylochroms

Awman Gly Asp Val Glu Lys Gly Lyvs Lys Ile Phe Tle Met Lys Cys Ser Gln Cys

Big Gly Asp Val Glu Lys Gly Lys Lys [le Phe ¥Wal Gln Lyvs Cys Ala Gln Cys

cricken Gy Asp I& Glu Lys Gly Lys Lys [le Phe Nal GIn Lys Cys Ser Gin Cys

Fuitdy Gly Asp Val Glu Lys Gly Lvs Lys Leu _— Val'Gln Are _ Ala Gln Cys
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KONU ILE ILGILI YAYARLANABILECEGiMIZ VERI
TABANLARI

http:/lwww.ncbi.nlm.nih.gov/sites/entrez?db=homologene
http://atgc.orq/GenomePixelizer/ScreenShots/ScreenShots.html

http://blocks.fhcrc.org/ I?fl ok T Berer St
http://www.expasy.org/pros itegr_ug_ﬂ'@\

http://www.ebi.ac.uk/goldman-srv/pandj:: ;¢ 2

http://pir.georgetown.edul/iproclass/

http://www.pantherdb.ora/ [ s ]|
http://phigs.igi-psf.org/ PANTHER

http://lwww.genatlas.orq/




WEB SITELERI

Tree of Life htip://phylogeny.arizona.edu/tree/phylogeny. html
TreeBASE http://www treebase.org

Phylogeny Programs
http://evolution.genetics.washington.edu/phylip/software.html

NCBI Taxonomy Database http://www.ncbi.nim.nih.gov/Taxonomy/
PhyloBLAST http://mwww.pathogenomics.bc.ca/phyloBLAST/
WebPHYLIP http://sdmc.krdl.org.sq:8080/~Ixzhang/phylip

Codon Usage Database http://'www.kazusa.or.jp/codon/
Ribosomal Database Project Il http://rdp.cme.msu.edu/html/




Yazilimlar

« PHYLIP
http://evolution.genetics. washington.edu/phylip.html

+ Treeview
http://taxonomy.zoology.gla.ac.uk/rod/treeview . html

« Seaview
http://pbil .univ-lyon1 fr/software/seaview.html

« Genedoc
http://www.psc.edu/biomed/genedoc/

« ClustalX
http://www-igbmc.u-strasbg.fr/Biolnfo/ClustalX/Top.html




Bu veri tabanlarindan

“ http://www.ncbi.nlm.nih.gov/sites/entrez?db=homologene °
sayfasinin en altinda yer alan, Clusters of Otologous Groups (COG)

ortolog protein gruplarinin bulundugu kumeler hakkinda bilgi
alabilecegimiz bir alandir.
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entries now include paralogs in addition to orthologs. : Bra?:l::g
o _ = Eukaryota

Sources of Additional Information s Viruses

HomoloGene entries have been augumented with homology and phenotype
information drawn from the following sources.

Online Mendelian Inheritance in Man (OMIM) COGs
Mouse Genome Informatics (MGI)

; Phylogenetic
Zebrafish Information Network (ZFIN) , classification of proteins
Saccharomyces Genome Database (SGD)| ¥ 19 ¥ encoded in complete
Clusters of Orthologous Groups (COG) - genomes.

FlyBase




- Buradan dkaryotik ortolog protein grubuna girdigimizde ;

‘Closters of orthologous groups for eukaryotic complete genomes
: Okaryotik ortolog
&'/lrunlnr
@ cof  dwie | Raa | so@ | ape | écn Prots EOGs
ACD---- 5% | 23 =1, = 183 1
- 2 - - =0 I B 73 dRE2 WG
AC-H 159 [ 174 ol 1] 22 | 4852 ortolog
A-DH-- 415 ] ST [B= grup agisindan
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KOG database ;(clusters of euKaryotic Orthologous Groups)
Bu sayfadan Arabidopsis,Caenorhabditis ve Human (A C-H)" nin ortak olarak 72
ortolog gruba sahip oldugunu gériyoruz.
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Total 72 ortolog grup var.

OGUL4% Precicted HMA-binding protein SEE4 (RRM superfamily) Gasterilen herbir harf,ilgili ortolog

MOGOZ22Z Phernylalanine and histidine ammoniz-lyage " - a I s
HOGIZSE l-aminooyclopropane-i-carboxylate aynthase, and related proielns Prﬂtﬂlnlﬂ fﬂ"ks—‘fﬂ“u““ bﬂ" Ektﬂd LB
KOGU35E RIP-dependent DHA helicaae

KOGQ42E Mop-canonical ubigueltln coniugatling enzyme 1 R: Ilgili IJI‘EIUE'I.I dﬁﬁﬁnl‘.‘llﬂﬂ gahmini

¥DGlZ6: FAD-binding protein” CIMINUIG =
HEOG1327 Copane fﬂl"lkﬁi‘f‘.’mll
HOG1344 Asparaginyl peptidasss :5ekonder metabolit biyosentezi
E0G1469 Fredicted ocoyl-ColA dehwydrogenase Jtransport ve katabolizma

i Macrophage migraticon ishibitory factar

Unchoaracgterized conserved protein |Meurcbhblastoma-amplified protein) Tﬂ“‘ﬁ' trnnsduhsl‘qnn

HOG1E4E MORC femily REFas=a mekanizmasi ileilgili  gibi
EOG164 TamBh splicing factor
HOG1912 WDMO Tepsat Droreme
K0G1949 Unchoracterized conserved proteln

HOG20%96 WD4O repsas protein - A: RMNA islenmesi ve modifikasyonu ile ilgili
fonksiyona sahip bu protein incelendiginde ;

HOE2304 I-hydromyacyl-Cod dehydrogensse
FOG2350 Onchrpa i i
HOGZ374 Dochil
FOG2442 Onchifl
HDE2501 Thici
FDG2562 Proti
ECDG.?E'TE Tran: AD-H-—— .
HDE2601 Tran | R A KOGIEH mPNA sphcing fackor
HDEZ610 Dochi| i
et litre clops s thaliona | Caenarhtdicis slegan: Drosaphile melanagaser |Homa sapiens Sacchar. cereviias Schisasas pambe |Enceph cuniculi
HOEZATE Furp. ALSE5100
RO Tok, Tree E%Hm At5a53100 CE24765 - Hgd 759102 - - -
KOGIELS Pred, CE2M7E5

HOEIDES Rrax:
KD0GEI955 Unchy [
KOG3956 CLER - o < - M- oo -
EOE2962 Froblibiclin-relacey mambrans proceace gybunics

FEOGZ2568 Uncharacterized o sarvad "‘:IE'I:I'E-ET.I:

EOGEI015 Mal
HCE3021 P prpogrgs Had 255102
EOGE3507 Mol - &

¥CE3367 By e )}‘7 =8
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EOG3395 Um \

EOG3202 Pre

EOG3%E3 Tm \\

EOG3251 Pre \@/
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Pry
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HOGS231 Im AtSe T phospholipase A2
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« Ayrica insanda bulunan bu proteinle ilgili olarak;

= . ,
3 1A ‘KDGIE#? mRNA splicing factor

prateins T

19 hits insanla karsilastinilan

diger 2 organizma

hes ¢« ) 2645 = He4759102 (951) - mbunu
cel o 325 = CE24765 (747) =

ath a0 EEE - htEEEElﬂD [875) -

hsa —= 128 _ H=S5302130 (659) ROG2548
apo D g - 121 = SPRACZ2R1IZ2.085c (98L) HEOGEOOOT
dme —_ — i1Q TZ94018 [18Z) KoGo0o0T
hsa = = 104 _ H=5032087 (793) XOG0007
dme o0 J— 02 = 7300207 (T8%) HCGE0007
cel ———O———& 101 = CELITZ236 (B33} KOGQQOT
cel = 98 _ CE20728 (672) XOG2548
ath =T} L | 85  RArilgl4eSD (7E5) EOCE0007
ach o 93 ~ Atiglsesn (735) KOG0007
ath = 80 _ AcS5g23080 (900) XoG2138
ath  — B8 _ Ar4qlier00 (ZE88) KOEDO0O7
cel = 82 CE00755 (233) KOGO151
n=a = 75 _ H=20537032 (1029) KO0G0O151
hsa =’ 71 _ H=4B826E06 (EOL) HOGLI4T4
ath — 71 _ At4g36230 (550) KOG2548
ath —o 70 _ RArlgDBiS0 2 (2460) KOGL650

BLASTP Z.2.4 [Aug-26~2002]

Reference: Altachul, Scephen F., Thomas L. Madden, Alejandro A. Schaffer,
Jinghui Thang, Zheng Zhang, Webb Hiller, and David J. Lipman (1597),
PEapped BLAST and FSI-BLAST: a new generation of protein database search
programsa”™, Nuacleic Acids Res. 25:3389-34D2.

Duery= Ha4753102
(951 lectexra)

Databass: kyvama
112,920 sequencea; 47,500,486 total lertcers



UYGULAMA 1

NCBI' da homologene den ilgilendigimiz genin hangi organizmalarda korunmus oldugunu

égrenebiliyoruz.

Ornedin bu gen ‘sitokrom ¢’ olsun.

NCBI

Dratabeses

HomoloGene

HomplnGans * | for cylochrome ¢

Help

| Ga Caz | Save each

Dhimplery gﬁmﬁﬁ.r_-.'

| Limits | Presiuwindg

Kiiistm v |

Clpbgand | Details: |

¥ Ehw (20 ¥ |Sendw  +
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All: 1668 | Fungr &
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Coni
LOCT4R332
LOCAO%SES
Canll
LOCEIN0
LOCTTIGIe
LOG000051 58
CE3Ed2
fgaF _ENZANGE
JCALS

COnt
KLLAODOTOTg
AG05 ACRI0GG
AT1G02470
Os03giTigain
Ganell 212303

—

CON11 homolog, eytochrome o oxidase sasembly protain (yeast)
similar to cytochroms © oxidase assembly protein COXT]

similar to L0111 hormolog

COK1 homolog, cytochrome coxdase assambly proten (yeast)
similar tn COX11 hormaleg, cytechrome o oxidase assambly probein

similar to COX11 homoleq. cytechrome © oxidase aasembly protein (east)

hypothetical protes LOC100005158

CE31548

ENSANGPOII0D022G5E

Jcas

Coxlip

A gene KLLADDOTIOT

ACRIGTD

cytochrome © oxidase assembly protein CtaG f Cox1 7 family
rrAHA gene Ce0lg0T 18600

Plasmodwm tsloiparum 307 PF14_1721 gena

Homin sapiens

Fan froglcdpfes

Cania iupes femdians
Tdus muscius

Rafhis nevegeis
Galluz galluz

Dlarwa rene

Drosophine rislanogestar
Anpplaiss gamings
Cagnoiapdilis slsgans
Sacehanmpces Canaaes
Rupreramypces laclis
Ermmafhecum gossot
Arebidoozis thaliana
Cryza safva
Plagmooiem felcpamm

Cos
LOCT4a459
Lac4ariTez
Cents
Conlh
LOC423830

COXY homolag, cytochrome  oxidase assembly protein (yeast)
simillar to Coecls protsin

gimilar to COK15 homaolog isoform 1 precursar

COM1S hemalog, eytochrome ¢ oxidase assembly protein (yeast)
CON15 homolag, cytochrome c oxiase assembly protein (yeast)
hypothetical LOC423830

Homp sapens

Fan froglodytes
Caria lupis farmshanz
s musciug
Raftes novemows
Galluy gallis




- Insanda bu proteinin hangi bolgeleri korunmus , inceleyelim.

[[11: HomoloGene:3221. Gene conserved in Eukaryota Downlead, Links

Genes Proteins

Genes identified as pufative homologs of one another Proteins used in sequence compansons and their
dunng the construction of HomoloGene conserved domain archifeciures.

0X11, Homo sapiens ] NP_004366.1 ——————mee—
COX11 homolog. cytochrome ¢ oxidase assembly 276 aa
rotein (yeast)
s LOCT lodytes & XP_001160768 1
similar to cytochrome ¢ 0Xi et
COX11
& LOCG09555, Canis lupus familians 5] XP 8664701 _— -
similar to COX11 homolog 276 aa

@

&) Cox11, Mus musculus NP_950173.1 e —
MY 11 hnmindan mvtachrama o vadaco accamhh 276 aa
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| dimer, Each menomer coordinates one Cull} |u|'| ..|3 three conserved cystene residues in La-::hur:u"m 5 cerevisiae, Met 224 1= also thought to pl 35 G|
| role in copper transfer or stabilising the copper site,
!

Other Related Conserved Domains O
| € |

o Siafistics

o Shuctire

Sequence Aignment

Farmat: | Hypertest % | Aow Display: | All 13 rows % | Color Bits: [E.D bt '-!'] Type Selection: | the most divarse mambers &

Insandaki bu genin, diger
tiirlerdeki benzer genlerle
karsilagtirilarak, korunmus
bélgeler hakkinda bilgi sahibi
olabiliyoruz

gi 1706020
1 6225153
g1 B153431¢
gl 23813373
1 8134374 !
g1 B134375 RFERNECRY
gi 117138 30 AVFFYSWECEY




Ayrica sececegimiz iki tar arasinda ilgili gen dizisini karsilastirabiliriz.

Alignment Scores Conserved Domains

Various evolutionary parameters denved from painiise alignments have been saved. Conserved L oo prw . 85
by msblact Karsilaghrmak istedigimiz geni

Show Table of Pairwise Scores sececegimiz turler arasinda

kiyaslamamizi saglar
Alignments can be regenerated using BLAST for any selected pair of proteins. o ¢y

[Posttra
chaperones]

i 5 GTEG_CQ}:H {prImmME}
T v = Cytochrome c oxidase assembly protein CtaG /

BLAST Cox11. Cytochrome ¢ oxidase assembly protein is
essential for the assembly of functional cytochrome
oxidase protein. In eukaryotes it is an integral protein of
the mitochondrial inner membrane.

Regenerate Alignments




UYGULAMA 2
Sitokrom C' yi bir de PANTHER (Protein ANalysis THrough Evolutionary
Relationships) adli veritabaninda inceleyelim.

PANTHER

Classification Systom

mammm:rum

T A —

Search SEARCH PANTHER
| At | Enter kevword(s): [eytochrome | Bl Hee
|:| m Select datasets fo hes and TranacriptsiProteins: Click here
Sorgulamasini yapacagimiz
Quick links PANTHER DATABASES enin ismini yaziyoruz
Browss PANTHER (3551 &8 Geres
Search BANTHER 1[54] IE: Families _
[440] & Transcnpts/Protoh Lirnit
Baotch =earch [E] E-_r Bt P
Browse path ways = v Hangi tiirler arasinda bu
[47] 1= Ontology terms
Commurity Curation gen bakimindan yakinhk
My Worksnsos B Hﬂr,hurdan ﬁEreni\ruruz.

GCens eMpression toola

HNM =corng
CENE analysis
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PANTHER FAMILY LIST @

Convert List ta: | -salact-

v'l Send list to: | -Sclact- \'ﬁl

Proteinin alt
aileleri

View AB Genomic Products

Display: | 20 % | items per psge  Hefine Ssarch

Hits 1-30 of 64 [ page: (1) 23]

Family Nama Training

Yer aldigi biylojik olay

Pathway

SequUence

|
ﬂ] ﬂﬂa Family ID

PANTHER Molecular Function |PANTHER Biological Process ‘

[] & ETIHRi0iZ23 CYTOCHROME C OXIDASE 21 Owidzss Dxidative phosphordlation -
D 2, PTHR1DIZ?Z2:5F1 CYTCCHROME C OXIDAS Oxide=s Oxidatwe phosphorylation -
[] 3 FEIHR10134 UBIQUINOL-CYTOCHROME 29 Bu protein ailesini inceleyelim. ghordstion -
C REBUCTASE
IRON-SLLFUR
SUBUNIT-RELATED
[] 4 EIHR10134:5F5 UBIQUINOL-CYTOCHROME 29 Reductaze Ocidative phosphorylation -
C REDUCTASE
IEQON-SULFUR SUBUNTT
[[] 5. FTHR10265 CYTOCHROME C1 27 Reductaze Oxidatve phosphorylation FAS =ignaling
pathway-=Cyte
ATP
zynthesiz-=Cwvl
bei
Huntington
diseaze->=LCyio
[] 6 PTIHR10266:5F1 CYTOCHROME C1 27 Beductase Oxidative phosphorviation EAS signaling

pathway-=CTytc

ATP
synthesiz-=Cvl
bel



PANTHER FAMILY INFORMATION @

- =

s

Family:
Subftamilies:

PANTHER Links:

Abstract:

InterPro Accession:

PANTHER Molecular Function:

PANTHER Biological Procass:

Pathway Categornes:
Training Seguences:
HMM Length

Downloads:

CYTOCHROME C OXIDASE (PTHR10122)

ftel HE
m@/

com - Iki sekilde de proteinin alt
'‘ailelerini gdsteren agaca
gulagahili‘;uruz.

menc enzymatic

ry chain complex and
ochrome c to oxygen
implex 1= located in the
aryotes it = found in

In eukaryotes, in additicn to the three large subunits, 1, I1 and III,
that form the catalvtic center of the enzyme complex, there are a
varnable number of small polypeptidic subunits. One of these subunits
iz known ac Vb in mammals, V in glime mold and IV in yveast, binds a
zinc atom. The seguence of subunit Vb is well conserved and includes
three conserved cysteines that coordinate the zino ion
[EMID:1661610, PMID:8635158]. Two of these cysteines ars
clustered in the C-terminal =echon of the =ubunit.

IPROOZ1 24

Oxidoreductess

L guwidz=e

Electron bran=port

Mo pathwsy information avsilable
21
171

HMM (HMMER format)



Tree MSA

[Tree {| Grid | us
' 1] sf_name definitan oiganism | molecularf.| comments |kiologicalp..| bk
SF1-083555_ARATH (ASE55 AR, |CYTOCHRCME C CHIDASE  |FEDE 4 protein (Fragmert)  |Arabidopsis ... Oxidass Owi... Ciclative ph...
SF1-GALIVIS_ARATH Q8L 5 _AR..[CYTOCHROME C OXIDASE _|Putative cytochreme ¢ otida...[Arabidaasis ... Oxidase;Oxi... | _ [Oridative ph...|
SF1 -GELEWT _ARATH GBLBAT A.. [CYTOCHROME C CXIDASE Cytochrome ¢ oxidase subu.. [Arabidaosis .. Oxklase Cxi... Oxiclativa ph... |
SF1-0955EE_ARATH _"GESEB AR, ICYTOCHROME C CXIDASE  [F18813.29 protein (41302, |Arabidaosis ... | Oxilase; Cwi.. Oxiclative ph. ..
¥ SF137SBPI_NEUCR 5||Q?'3EP9 NE.. |[CYTOCHROMEC CXIDASE  [Hypothetical protein Neurospors ... (Oxilase, Oxi... Cxiclative ph...
SF1-COW4 SCHRPO ;"CD]-{# SCHPD CYTOCHREME C CHIDASE  [Cytochrome ¢ oxidase polyp... [Schzosacch.. Oxidase Cxl.. Dxiclative ph...
SF1-CON4 YEAST ;"CDI# YVEAST [CYTOCHROME C CHIDASE  [Cytochrame ¢ oxidase polyp... [Saccharamy... Qxidass O, Cuiclative ph. ..
SF1-29VMBE_DROME ;||G!BVMEE_DF‘... CYTOCHROME C CMIDASE  |CG11043-PA Drosophila m... Qxklase, Cxi... Ceiclative ph. .
SF1-PO0GL9_CAFEL 5||FSUE-¢EI_CAE... CYTOCHROME C CXIDASE  [Hypothetical protein F26E4.8  (Caenorhabdi... Oxklase Cwi. Ciclative ph...
SF1-GEENE_DROME 5||QEEN~JH_DH . (CYTOCHROME C CXIDASE  [RH49324p (Fragment) Drasophila m... Oxlaze Oxi.. Oiiclative ph...
SF1-GFQEAS_ANOGA ||Q?'E§8A5_ﬁN... CYTOCHRCME C CIDASE  |ENSANGPO0000011122 Ancoheles g... Oxklase; Cxi... Cxiclative ph...
SF1=GIEINNS_XENLA ' QEINNG_YEM...|CYTOCHROME C CXIDASE  |MGCB2295 proten Yenopus las.. | Qxidase G Coiclative ph. ..
SF1-GEIGUI_BRARE QEIGUS_BR.. |CYTOCHROME C CXIDASE  |ZociB6594 Brachydania... Oxxlase; Cxi... Ceiclative ph... |
SF1-GEFHIS_HUMAN {IQBFHIS_HU.. |CYTOCHROME C CXIDASE  [COXSB proten (Fragment)  |Homo sapien... Oxidase; Oxi... Cxiclative ph. |
SF1-GEFHME_HUM AR :"GIEFH'.I'M HU... ICYTOCHROME C CXIDASE  |COXSE praten Homa sapien... Oxilass: T, Uxiclative ph...
SF1-CONSE_HUMAN :"CG}{SEI HUM..|CYTOCHROME © CHIDASE  |Cvtochrome ¢ oxklase polyp... [Homo sapien... | Ouilase; Ox... xiclative ph...
SF1-GE23G4 _PIG 5||C.155334 PIG [CYTOCHROME C CXIDASE  |Mitochandrial cytochrame ¢ ... [Sus scrafal,.. (Oxilase Oui... Oxiclative ph. ..
SF1-CONSE_BOVIN ;"CI’J‘.{EE BO.. CYTOCHROME C CHIDASE  |Cytachrome ¢ oxklase polyp.. [Bostauius (... [(Quxklase Okl Cxiclative ph...
SF1-CONSB_MOUSE :||CGHEE MO.. [CYTOCHROME C CHIDASE  [Cytochrome ¢ oxidase polyp... Mus muscuu., Oxrlase; Ol Clelative ph...
SF1-CONSE_RAT 1||CGI{SEHHAT CYTOCHROME C CXIDASE  [Cviochrome ¢ oxidase polyp... Rattus norve.. Oxilase Oxi.. Cxiclative ph...
SF1-2A0881 _MCLUSE _ ||QEDE1 MO ICYTOCHRCME C CYIDRSE  [Mus musculus acult male sit.. (Mus muscuy..(Quxlase; 0xi... Oiclative ph...




Alt aileler

PANTHER TREE VIEWER (T - close window

Family Mame : CYTOCHROME C OXIDASE (PTHR10122)

Organizmalar arasinda ayni protein
ailesine ait alt ailelerin dizileri ve
bunlarin karsilagtirilmasi

Tree MSA
" Tree :|' Gri
’:t 29 W 74 100 124 150 175

SF1-Q85555 ARATH SN [ LN o . | DHPE=P F=THESR &V O Y FRRR MIGCR =G A A
SF-GALM S _ARATH 2L T bl s e B P ises e ATTREWEF LA 4 MREAIS A5 SPPREFIIISET | PATHEED WP HER
F1 CELBANT_ARATH CEL B TR beseava 2ea ... AP ECRHLYES THLELE ! SRy SEF SR LT HRVEDH AT CHENERL o
FF-0AEEET_sRaTH DEES SR AT kS sEwgEcs . APECRHANVYEETHLELS ESPYSSF Rl iE5a o80T &N EL WP im N
SR 2T SEPD_MELICR oo e R et APALRRSIATTYRCAASTHAR BHI R SEHTHOB ARG PG TR TRUESRATEL e
SF1.CONE _SrHFD SCO0NA =HMEGEmFErgreavret.. L Y EL Y RGP YR ASFRIEQD B SRR EL A M SR B0 LROGEY FTOLECRA T LER
SF1-CON4_YERST Seod ikl FRRPATRTLCSSRVLLGSRPYYHEACHL APt EIlF . AHECTPTRLDEETL
EF1-avhiEd_DROME RSP == G T T e T BRLEML TR OSSR RS S = 5 0 PR

SE1-PEOE4E_CAEEL PAl&Ede_CAFEL ... .. o;e—eeed ADLARTL YV Sal SR Y ARE &Y ARETLATEL SR, IH

£F1-285HNE_DROME MM ERARE cvlrys .. RFGYHALRPTEFAHRTHASISOR M ALR A 2 AR

SF1-QTSAAS AHDDA L Y R —— PASLITGRIVLAL S : TPV . RECH

SF1-GEFINA_SERLA (RO EHLA, e WWRLOGLFYRALF TN PRTE VLIRS

TF1-080U_ERARE B =T T 2 = — MELRLLLRGAYFASTT GRERR VL SRE.

SF1-0BFHIS_HUR &K EQBFHJB_rI-d.B.I.D.H SO — Y FLLESAGTL .M AL FREREP R0 LN SR 185

SF1-GEFHMA_HUMAN CAEF HIAMELAR R ... e RLL RGAGTL A S Bt RERGPEE L A A R, L4

SF1-CONSE_HIWARN Bl T AT et B o TR

SF1-REEAC_FIG oESIGAAE. e RLLRGAGALAAATL RERGPA]Y & R R U

SF1-COESE_BIWIN SCQISE_BRNIML. . e s imrmm e e e e | 2 2 PTDEECHA TR

SF-CORSR_MOLES o 0esE_piski B ge O — LB RR -snumm. SR

SF1-COXSE_RAT AL ez Y S —— RLLRGY GALSAA A LREAHC PR v A TR SR,

SF1-EECAET _WOLEE R Tl 1 RLLRY Gl A ol RE S SRR W TR S 45




Phylogenetically Inferred Groups

What are Phlzs?

PniGs are an attempt to cluster genas from multiple
organisms into groups that are all descended from a
single ancestral gene. This clustering is accomplished by
using the known phylogenetic relationships to guide the
creation of the PhiGs

Why are PhlGs useful?

By studying genes within their evolutionary context we
can differentiate between orthology versus paralogy
relationships, find lineage specific evolution and facilitate

functional, comparative and phylogenomic research.

How are PhlGs created?

PniGs are created such that when following the known
phylogeny, at each node, groupings ensure that genes
from the species on one descending branch are more
closely related to each other than to genes on the other
branch, and both sets of descending genes arge morg
closely related to each other than genes from species
elzewhare on the tree.

A paper describing this resource is currently being
prepared

Contact Info

For more information about how PhiGs was developed,

or 1o request datz sets, please contact Paramvir Denal at

psdehal@iol gow

PhiGs

Group Species Version

Opisthokonts 23 1
{Fungi + Metazoa)

Chordates a L

Plants
(coming soon)

Bacteria
(coming soon)

Synteny

Synteny magps betwesn the specles are crezted on the
basis of othologous genes and presented on the

Synteny Viewer
Downloads

All data wil be available for download from our fip senver
SO00

Help & Documentation

Also coming soon.

Search

Search

A

Chiordates b For oytochmme o

K



PhlGs Home

Database |PhiGs4

|q.rtnch'nme |
name
description
externalDesc

Search
Fields

| Source e

.

Dog
Chicken

Frog

febrefish |
Tetraodon

Clusters? Fugu L]
Found 1221 matches

:illuater EEHE Name Description

441 5854 |ENSG00000127948 MADPH—cytochrome P450 reductase (EC 1.6.2.4) (CPR) (P450R). [Source:Uniprot/SWISE
441 44388 |ENSMUSG00000005514 | MADPH—cytochrome P450 reductase (EC 1.6.2.4) (CPR) (P450R). [Source:Uniprot3WIs:
762 3 EMSGO0000188804 Cytochrome c oxidase polypeptide | (EC 1.9.3.1). [Source:Uniprot'SWISSPROT AccPO03E
950 3102 EMSGO0000166394 cytochrome b5 reductase b5R.2 isoform 1 [Source:RefSeq_peptide;AccNP_057313]
950 9047 EMES00000100243 MaADH-cytochrome bs reductase (EC 1.6.2.2) (BER) (Diaphorase 1) [SourceUniprot/SWIis
850 40135 |EMSMUSGO0000026456 | cytochrome b5 reductase 1 (BSR.1). [Source RefSeqaccMM_028057]

850 37731 |EMSMUSGO00000048065 | cytochrome b5 reductase SR.Z. [SoUurce Retsed ACcMM_177216]

881 12198 |EMNSG00000179091 Cytochrome 1, heme protein, mitochondrial precursar (Cytochrome ¢-1). [Source:Uniprod
881 25563 |EMSMUSGO0000022551 | Cytechrome c1, heme protein, mitochondrial precursor (Cytochrome ¢-1). [Source:Uniprod
1071 2254 EMSGO0000004961 Cytochrome c-type heme lyase (EC £.4.1.17) (CCHL) (Holocytochrome c- type synthase).

[Source:Uniprot'SWISSPROT Acc:PE3701]
1071 28450 |EMSMUSG00000031352 | Cytochrome c-type heme lyvase (EC 4.4.1.17) (CCHL) (Holocytochrome c- type synthase).
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