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Bilmek...

* Aristo:
"Butun insanlar, dogal olarak, bilmek isterler."
All men by nature desire to know.
e Quintis Horatius Flaccus:

"Hicbir efendinin dogmalarina sadakat yemini
etmek zorunda degilim."

Nullius addictus furare in verba magister.
* |Immanuel Kant:

"Bilmeye cesaret et. Kendi anlayisini kullanma
cesaretini goster!"

Sapere aude! Habe Muth dich deines eigenen Verstandes zu
bedienen!



Bilimsel duslincenin temelini atan
filozoflar

Herakleitos (M.O. 544-484)
Aristoteles (MO 384-322)
Roger Bacon (1214-1292)
~rancis Bacon (1561-1626)
René Descartes (1596-1650)
David Hume (1711-1776)
mmanuel Kant (1724-1804)
August Comte (1798-1857)
Karl Marx (1818-1883)




Bilimler Felsefeden Kopuyor...

XVI. yy: Gokbilim

— Nicolaus Copernicus (1473-1542)
XVII. yy: Fizik

— Galileo Galilei (1564-1642)

— Isaac Newton (1642-1726)

XVIII. yy: Kimya

— Antoine Laurent Lavoisier (1743-1794)
XIX. yy: Biyoloji

— Claude Bernard (1813-1878)



Scale of the Universe Branches of Science  Hierarchy of Science

’ .« "

Parallel Universes? Sociology Astronomy

law, ethics, planetary science,

107 -t Visible Universe \ economics cosmology

102

102 Psychology Geoscience

Milky Way , Social developmental, climate, geology,

1018 . Science cognitive oceanography
Y Solar S Functional Biology
= 1012 ar YStem physiology, medicine, ecology
= Life :
= Science Cellular Biology :
40-,' biochemistry, evolutionary biology
=
m ch -
= emist
B ry

materials, chemical reactions

Physical
Science

Physics

particle physics, thermodynamics

Mathematics

Formal computer science, statistics

Science

Logic

reasoning, philosophy



Felsefede 6znelcilige ve gizemcilige
yonelis

Georg Wilhelm Friedrich Hegel (1770-1831)
Arthur Schopenhauer (1788-1860)

Sgren Kierkegaard (1813-1855)

Friedrich Nietzsche (1844-1900)
Henri-Louis Bergson (1859-1941)

Edmund Husserl (1859-1938)
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Microfossils of sulphur-metabolizing cells in
3.4-billion-year-old rocks of Western Australia

David Wacey"?*, Matt R. Kilburn'*, Martin Saunders’, John Cliff' and Martin D. Brasier®
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Examples of spheroidal/ellipsoidal microfossils from the Strelley Pool Formation



timeline for the evolution of oxygen and life on Earth
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(Joyse GF:2002)



Homo sapiens
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(Blaser MJ et al: 2016)



Phylogenetic structure of the prokaryotic domain: The primary
kingdoms

(archaebacteria/eubacteria/urkaryote/16S ribosomal RNA /molecular phylogeny)

CARL R. WOESE AND GEORGE E. Fox*
Proc. Natl. Acad. Sci. USA 1977; 74: 5088-5090

Towards a natural system of organisms: Proposal for the domains
Archaea, Bacteria, and Eucarya

(Euryarchaeota/ Crenarchaeota /kingdom /evolution)

CARL R. WoESe*T, OrTo KANDLER, AND MARK L. WHEELISS
Proc. Natl. Acad. Sci. USA 1990; 87: 4576-4579
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Table 1| Selected traits of the Bacteria, Archaea and Eukarya®

Trait Bacteria

Carbon linkage of lipids Ester

Phosphate backbone of lipids Glycerol-3-phosphate
Metabolism Bacterial

Core transcription apparatus Bacterial

Translation elongation factors Bacterial

Nucleus No

Organelles No

Methanogenesis No

Pathogens Yes

Archaea

Ether
Glycerol-1-phosphate
Bacterial-like
Eukaryotic-like
Eukaryotic-like

No

No

Yes

No

Eukarya

Ester
Glycerol-3-phosphate
Eukaryotic

Eukaryotic

Eukaryotic

Yes

Yes

No

Yes

*The occurrence of a trait is for the majority of cases (not necessarily absolute) — for example, haloarchaea often possess
organelles in the form of gas vesicles, but most archaea possess no organelles.

(Cavicchioli R: 2011)



Major habitats Total bacterial and Minor habitats
archaeal cell numbers * Groundwater. 5x 107
on Earth: * Phyllosphere: 2x10%
~1x10% e Cattle: 4x10%*

* Termites: 6x10%

* Pigs: 7x10%

* Humans: 4x10%

* Sea surface layer: 2 x10%
* Atmosphere: 5x10%

T

oil: 3 x 10

Deep continental subsurface: 3 x 10*°
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Upper oceanic sediment: 5 x 10**

Deep oceanic subsurface: 4 x 10*°

Abundance of bacteria and archaea in different
habitats on Earth (Flemming H-C, Wuertz S: 2019)



Neuston in surface microlayer
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Marine snow (TEP)

Interfaces colonized by biofilms in the oceans

(Flemming H-C, Wuertz S: 2019)
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A schematic diagram depicting a global, interconnected network of the biologically
mediated cycles for hydrogen, carbon, nitrogen, oxygen, sulfur, and iron. A large portion
of these microbially mediated processes are associated only with anaerobic habitats.
(Falkowski PG et al: 2008)



Gen nedir?

* ‘Molekiler biyoloji’ (1938) Warren Weaver

 DNA molekultnin yapisi (1953) Watson, Crick, Franklin
* Sekanslama yontemi (1977) Sanger

* Human Genome Project (HGP)(1990-2003)

— Akraba olmayan insanlarin genomlari her 1.200-1.500 DNA bazlarinin
birinde farkli

— Kisiden kisiye degisiklik SNP ve CNV (copy number variation) seklinde

— Insan genomu proteinlerinin %40’dan fazlasi sineklerin ve kurtcuklarin
proteinlerine benziyor; insan genlerinin %50’si de baska
organizmalarin genomik sekanslarina benziyor

— Insan genomunun sadece %2’si protein senteziyle iliskili; ~20.000 gen
protein kodlayici gen

— Insan genomunun ~100.000 gen kodlayabilecegi tahmin edildi
« HGP tamamlandi (2001)

 ENCyclopedia of DNA Elements (ENCODE) Project (2003)



Yeni Darwincilik

Gregor Mendel (1822-1884)
Charles Darwin (1809-1882)
August Weismann (1834-1914)

— ‘Modern sentez/neo-Darwinism’ tanimi
e BUtln genetik varyasyonlar rastgeledir
* Dolhatti, somatik varyasyonlardan izoledir
* Bu durumda dogal secilim evrimi aciklamaya yeterlidir

John Burdon Sanderson Haldane (1892-1964)
Theodosius Dobzhansky (1900-1975)



Yeni Darwincilik

Ernst Mayr (1904-2005)

John Maynard Smith (1920-2004)

Stephen Jay Gould (1941-2002)

Richard Dawkins (1941-

)

RICHARD DAWKINS

GEN

BENCILDIR




Entegre sentez

Evo-devo teori

Modern sentez Plastisite ve intibak

(Neo-Darwinizm)

Epigenetik kalitim
Cokdiizeyli secilim

Sadece DNA Gen mutasyonu
aktarimi  |Mendelyen kalitim

Darwinizm

Varyasyon \ Biyolojik gorecelilik

Sad Popilasyon Kalitim ilkesi
adece gen genetigi Genomik evrim
secilimi .

. Rastgelelik Nis olusturma
Izole genom
g Turlesme Replikator teori

Evrimlesebilirlik

Cinsel secilim

Entegre sentez Darwinizmin bir uzantisi olmakla birlikte Modern
Darwinizmden kismen yararlanmaktadir. Darwin’in kalitim hakkindaki
gorusleri Neo-Darwinizmin sinirlari disinda kalmaktadir.

(Noble D: 2017)



Simbiyoz-Simbiyogenez

Anton de Bary (1831-1888)

— ‘Symbiosis’ terimi; Likenler

— ‘parasitism, mutualism and lichenism are special cases.
Constantin Merezhkowsky (1855-1921)

— Simbiyoz ve biyolojik birey arasindaki iliski; kloroplastlar konagindan
bagimsiz organizmalardir; kromatoforlar Cyanophyceae’dirler; simbiyoz
kalitsal bir fenomendir.

Albert Schneider (1863-1928)
— Simbiyoz tam bir bireyselliktir
Roscoe Pound (1870-1964)
— Simbiyoz mutualizmdir, toplumsallasabilmeyi saglar.
Lynn Margulis (1938-2011)
— Simbiyoz Diinya Ustundeki yasam ve evrim icin onemlidir; okaryotik

hicreler simbiyoz kdkenlidir; simbiyoz evrimdeki yenilikcilige yol agan
en onemli nedenlerden biridir.

— ‘Holobiont’ terimi



Words as battle cries—symbiogenesis and the
new field of endocytoblology

served as examples of symbionts. The
lichen fungus Cladonia on a petri
plate grows as fuzz; the lichen alga
Trebouxia in pure culture on the sur-
face of agar as slime; but alga and
fungus growing together as the British
soldier is ground cover; superficially
the lichen is a land plant (Figure 1).
Since the last century, scientists
have recognized that symbiosis has
the power to generate great biological
novelty and discontinuity. 1 argue
that symbiosis is far more innovative
in the generation of biological novelty
than is the accumulation of chance
mutations, although the latter is more

by Lynn Margulis

October 1990 673




Strain-specific
genes

Pan-genom

(Soucy SM, et al: 2015)
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. A
Isim Mutualist Kommensal Patobiyont Patojen ) Karisik

| |
Fiil Kolonize eder Enfekte eder

Konakla birlikte bulunan butiin mikroplar (bakteriler, arkeonlar, viruslar ve
mantarlar) sembiyontturlar. Bunlarin konakla iliskileri konaga sagladiklari
net fitness avantaj ya da dezavantajina gore olasi dort alt gruptan biri icinde
degerlendirilir: mutualist, kommensal, patobiyont ve patojen.

(Bullman S et al: 2017)



Konjugasyon Hiicre fiizyonu

Transdiiksiyon Gen transfer etkenleri

e
o X
S

Transformasyon Hiicre igi ya da endosimbiyotik
gen aktarimi

.ffy

(Soucy SM, et al: 2015)
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Complex eukaryotic cell

Okaryot hiicreler
ve
mitokondrilerinin
kokenine iliskin
evrimsel
senaryolar

(Archibald JM: 2015)
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Varsayilan ata Biyolojik olasiliklar P2
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(O’Malley MA et al: 2019)



Bacteria

@ Cystoviridae, Totiviridae, Reoviridae

rTJ tailed dsDNA bacteriophages, herpes viruses

(Bamford DH: 2003)



Bakteriler Okaryotlar Arkeonlar
Bitkiler

< Mantarlar
Memeliler

Virusler

0= 0=

Viroidler

‘Ihk kuglk goletler’
(Darwin)
C,H, O,PN,S

Hidrotermal bacalar
veya buzullar

rDNA sekanslari temelinde olusturulmus filogenetik agac.
Kirmizi gizgi virUslerle diger elementler arasindaki lateral gen transferini
gosteriyor.
(Broecker F, Moelling K: 2019)



* ~ 40 trilyon insan hucresi

~ 23.000 insan geni

~ 40 trilyon mikrop
hucresi

= ~9.8 milyon mikrop geni

« Evrendeki yildizlar: ~1021

* Viicudumuzdaki molekiiller: ~1027

* Viicudumuzdaki mikroplar: ~4x1013

« Bagirsamizdaki bakteriyofajlar: 108-1010

insan hiicreleri Bakteriler
I\ A

Hiicreler
[x10%2]

Kiitle
[Kgl

B Eritrositler [J Digerleri W Bakteriler
Yag hiicreleri @ Kas hiicreleri

0.2

Insan Viicudunda Farkl Hiicre Tiplerinin Sayisi ve

Kiitlesi (70 Kg Eriskin Erkek)
‘.@'-PLOS | sioLocy (Sender R et al.: 2016)



insan bagirsak mikrobiyomunun ana gruplari

108-10° cfu/gr diski
Toplam DNA’nin
~%0.8’i

(Shkoporov AN, Hill C: 2019)



Comprehensive description of blood microbiome from healthy

donors assessed by 16S targeted metagenomic sequencing

Phyla
Buffy Coat Plasma Red Blood Cells

3% undasifed £ 8AT% Other (<025 %)

TRANSFUSION (Paissé S et al: 2016)

» o e £ N ¥ =8 s Ay ok '
Images of human brain slices reveal bacteria, shown here to the left of a blood vessel—tantalizing but
preliminary evidence of a “brain microbiome.” ROSALINDA ROBERTS, COURTNEY WALKER, AND CHARLENE FARMER

Do gut bacteria make a second home in our brains?

By Kelly Servick | Nov. 9,2018, 2:45 PM

(Roberts R et al: 2018)



Mikrobiyotada degisiklikle
ilintilendirilenler
e Hastalik ya da sagliksizlik durumu (105)

— Clostridium difficile enfeksiyonu, obezite, metabolik
sendrom, ateroskleroz ve KVH, HIV enfeksiyonu, T1D,
T2D, inflamatuar bagirsak hastaliklari, kolorektal
kanser, alkole bagli olmayan steatohepatitis, otizm,
psoriasis, romatoid artrit, multipl skleroz vb.

e Basat esdegiskenler (22)

— Dogum sekli, cinsel tercih, yasam bdlgesi, diyet
tipleri, sigara iciciligi, gebelik, menopoz, bariatrik
cerrahi vb.

e Antibiyotik kullanimi (68)
— Tek basina ya da antibiyotik kokteylleri halinde

(Rojo D et al.: 2017)



llinti, olasi bir nedenselligin belirtisidir,
ama kaniti degildir.
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Cevresel metagenom

f

Hologenom

"Konak genomu

=N

Holobiyontun fenotipini tek
I oy basina ve/veya birlikte etkileyen
konak ve simbiyont genleri

Holobiyontun fenotipini
| ® ’ etkileyen birlikte evrimlesmis
konak ve simbiyont genleri

Holobiyontun fenotipini
@ etkilemeyenkonakgenlerive
simbiyontlar

o Holobiyontun parcasi olmayan
,0 cevresel mikroplar

Holobiyont ve Hologenom Konseptleri

Yeryiiziinde mutualistik, komensal ve/veya patojen mikrop topluluklariyla
(kendi sembiyontlariyla) kolonize olmamis hayvan ve bitki tiirii yoktur.

(Theis KR et al.: 2016)



Evrimin Hologenom Teorisi (EHT)

Konak kendi mikrobiyomundan ayrilamaz ve birlikte
bir "secilim birimi" olarak davranirlar. Hologenom
evrimin genetik temelini olusturur.

* Bir konak ve onun tim sembiyontlari bir "secilim
birimi" olustururlar mi?

* Holobiyontlar, holobiyont diizeyinde
ireyebilecek/cogalacak kadar iyi entegre
olmuslar midir?

* Holobiyont bir "isbirligi birimi"dir? (Metabolik ve
gelisimsel etkilesim kaliplari temel alinarak)



Holobiyontlarin evrimsel uyumunda mikrobiyota
katkisina ornekler

Patojenlere karsi korunma Bitkiler, hayvanlar, insanlar

Kisa zincirli yag asitleri, amino asitler,

Temel besinlerin saglanmasi o
vitaminler

- Baklagil nodulleri, immun sistem,

Gelisim . o
anjiyogenez, kas kalinlig

Farelerde, tavuklarda ve insanlarda

Yag depolama ve obezite . .
& aep gosterilmigtir

- Beyin, metabolitler, hormonlar, stres,

Gelisim : I
otizm, uyku, es secimi v.b.

Toksik maddelerin Besinlerdeki bitki ve mantar toksinleri,

detoksifikasyonu agir metaller



Biyolojik bireyler

Evrimsel bireyler

Karsilikh etkilestiriciler

Dawrinsel
bireyler

Fizyolojik
bireyler

(Pradeu T: 2016)



Blocked Vagus nerve Precursor
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Examples of neurotransmitter production by bacteria

* Bacillus spp.: acetylcholine, dopamine and * Lactobacillus spp.: acetylcholine, dopamine,
noradrenaline CABA, histamine and serotonin

* Bifidobacterium spp.: GABA * Lactococcus spp.: dopamine, histamine and

* Enterococcus spp.: histamine and serotonin serotonin

* Escherichia spp.: dopamine, noradrenalineand  * Streptococcus spp.: dopamine, histamine and
serotonin serotonin

Bagirsaktaki
norotransmitterler

) merkezi sinir

sistemini nasil
etkiliyor?

(Johnson KV, Foster KR: 2018)



Bireyin olmanin klasik biyolojik aciklamalari

- (Edinsel) Immun sistem
-Beyin (kendinin farkindaligi, kisilik 6zellikleri, duygulanim)

-Genom
a

Defining
selfhood

® i
G

bram

S ‘ —

R. i
% @
“\w /

immunhy

gﬁome

Insan tekil bir varlik degil, insan hiicreleri ile mikrop
hiicrelerinin karsilikh etkilestigi ve dinamik bir toplamidir.

(Rees T et al.: 2018)



Kimlik...

‘Kimlik bir nesne degildir; icinde hareket
ettigi tum farkli yonlere ve boyutlara ait
adreslerin oldugu bir surectir.

(Margulis L, Guerrero R)



Mikrobiyoloji

immiinoloji

Fizyoloji

Metagenomik

|

Biyoinformatik

|

‘)

Evrimbilim

Mikrobiyomoloji | = |__Ekli

|

|

|

Immiinyanit

Patojenler

Patolojiler

Could Big Data be the end of theory in science?

“ .. lan] imagined future in “The goal is to discover things “Big Data, distributed comput-
which the long-established way we neither knew nor expected, ing and sophisticated data

of doing scientific research is and to see relationships and  analysis all played a crucial
replaced by computers that connections among the role in the discovery of the

divulge knowledge from data elements, whether previously  Higgs boson [...] But the
at the press of a button...” suspected or not.”

discovery of the Higgs boson

...................................................... was TlO[ da[a-drlver[_. »

(Mazzocchi F: 2015)



There are hundreds of published definitions of life:

Sagan (1970) proposed that most definitions of life fell into five broad categories: thermodynamic.,
focused on equilibrium, order, and the openness of systems; genetic, focused on evolution, origins,
and the cumulative change of small mutations; biochemical, viewing biological polymers such as
DNA or RNA as central: metabolic, focused on boundaries, material exchange, and self-maintenance:
and physiological, focused on biological functions, like eating, excreting, moving, or growing.

Palyi et al. (2002) suggest the categories of mechanistic-reductionist, which equates life with
physico-chemical processes without addressing broader issues: ‘dialectic-materialist, which holds
life originated via qualitative jumps (e.g. Woese’s Darwinian Threshold) driven by quantitative
changes (e.g. gradual evolution); holism, which view life as a collective property: and vitalism, which
attribute some hidden force to life.

Popa (2004) adds on several contrast classes of life: holistic contrasts with mechanistic, which roughly
maps onto an emergence/reductionist distinction; cybernetic definitions take artificial life simulations
to help guide our definitions of life; generalist definitions, which tend to be detailed and technical,
contrast with minimalist definitions, which abstract away from broad categories: cellularist definitions
take cells to be the key paradigm case of life and generalize from there, while genetic definitions take
variation and replication to be key: parametric definitions take particular criteria and use them as
diagnostic of life; and material-related definitions, which take the materials of life on Earth to be
essential to defining life.

Trifonov (2011) studies 123 proposed definitions and clusters them based on reference to similar words.
His proposed nine conceptual clusters are System, Matter, Chemical, Complexity, Reproduction,
Evolution, Environment, Energy, and Ability.

Mix (2015) suggests Woeseian life, which is life that possesses SSU RNA, Darwin life, which exhibits
evolution by natural selection; and Haldane life, which exhibits metabolism and maintenance. Mix
(2016) generalizes from that categorization and finds Existence Life, which i1s merely physical
existence, Organismal Life, which is the focus of most modern attempts to define life, Conscious Life,
which is life that has experience and conscious intentionality, Mental Life, which is intelligent and
reasons, and Transcendent Life, which is beyond all of those and global or divine in nature.

(Mariscal C, Doolittle WF: 2018)



Yasam nedir?

“Yasamin (canliligin) tanimi biyolojideki
bilgilerimizin artmasina bagimli olarak devaml
evrilmesine karsin bu bilimsel degil, felsefi bir
sorudur ve yanit daima belli bir felsefi
cercevede verilecektir. Ancak yasamin ne
oldugu sorusu felsefi bir sorun olmasina
ragmen secilen tanim (verilen yanit) bilimsel
programlarin taniminda buyuk etkiye sahip
olacaktir’

(Forterre P: 2010)



Jesekkiivler...




