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Evolution of supremacy (modern and primitive)

e e g

[ v s

gy

HAECKEL'S EVOLUTION OT MAN.

PEDIGREE OF MAN.

23,
Hoofed Animals
(Ungmau)

‘Mammals
(Mammalia)

= <«
Ganmds

Notebook (1837)
(no timebase)

A S

Osseous Fishes

(Teleostei)
e

Vertebrates
(Vertebrata)

[Skull-loss Ama.ls '

Sea-Nettles i«
( Acalephae)

Egg-Animals
(Ovmarln)

Invertebrate Intestinal
Animals
{Metazoa Evertebrata)

7
Pla.nfrAmmals
(Zoophyca)
7

Primitive Animals

(Protozoa)

Darwin 1837, Haeckel 1879




-

Us
Them —|
—@
@
Root ° |— Them
Elitist Egalitarian
. @® Gene unique to this lineage
Observations: o .
® Gene absent from this lineage, present in all others
® Recent adaptation @ Lineage-specific adaptation
Inferences: ® Absence equals primitive state prior to evolution of trait ® Secondary loss
Phylogeny has a predicted root Phylogeny is unrooted
Supergroup:
Opisthokonta
Amoebozoa
Plantae
Chromalveolata
Excavata
Evolutionary pattern: Universal: ancient Secondary losses: ancient Expansive: new functions

Rab protein examples: 6,7,8,21,28 4 1,5, 11




lysosome _/ysosome late endosome
LAMP
multivesicular

SR e
/

~___—

clathrin
dependent
endocytosis

“

caveolae
dependent
endocytosis

early
endosome

nucleus RAB5

recycling
endosome
RAB4

endoplasmic Golgi complex  pericentriolar

reticulum recycling
endosome
RAB11




$e]
& &
A DD D $ Yﬁ NI 6y
Q& ARCARV\EC - & N ‘\/ \
cos Sy Lo Q\\QW\\Q%\QV\OV & & & g YOS d P SIS >
TS LS TELEES 65 Py P TN

C; C

‘
vz "7 9000 7000 0004500 I © , ,
00000 © 000-0  © 0000 0000 0000
- ,
A

Fungi
Amoebozoa “ . ‘- .... ..“ ....‘ -’ ’.

Chn
Se
Dy
Ey
Ag

¢,
® 6 0 &~
\S‘Sq

vidae O @@ @ 0 00=@ an
Cr . .
0 00 0000 (000 ¢ ® O
. ‘ o L AN ) @ (D ® O
Py : :
@ 90+-0 2000 <0000 -O © sl
Aveolata () @@ @ v - - -
Ty : : :
Py :
Stramenopiles (—) @@ M @ 0000 0000 000 0 © & ©o
Ty .
Iingtoplasticia o0 6 o o oo | ...Q 00000 00 O O 00
Dipomensiita @) @0 @ @ O | o o o 000 o o
7 i Clathrin i Adaptin ACaveoIaeADynamm Syntaxins Rabs A , %SCRTS A GARP A Pl kinases

Universal - ancient
Supergroup restricted - lineage specific innovation
Complex - possible scultping via secondary losses




Archaeplastida

Opisthokonta
Chromalveolata ¥ \
/ Chloroplastida @ ¥

Rhodophyceae Fungi
@ Stramenopiles o ¥ Metazoa
Excavata @ Alveolata AP-4
rab4 stonin
4 Metamonada A ba stonin > N
Discicristata multiple AP180 epsin dab2 Entamoebida
+ Jacobids eps15 2
vps27/hrs .
Rhizaria — GGA Slime molds
rab ESCRT
o arf clathrin
sarl adaptin
syntaxin | retromer
SNAREs | NSF
@ presumed secondary loss tethers | epsinR
@ presumed point of origin COPI eps15R
COPII SM




Lysosome

Endoplasmic
Reticulum

"1

GAP

ﬂ
@)
}

N\; Rt
O
Nucleus QO \ﬁﬁ

Late endosome

ﬁ o OrEndocytosis

Early
endosome

L —

R

\/Y O
é\ Exocytosis

Vesicle

|| SNARE proteins
SM protein
Rab GTPase
. Tether complex
@y Coat complex

i Target




@ Approach
Target compartment

ﬁ\m.ng
SNARE pairing

@

@ Membrane fusion

Tethering \ : i
complox t-SNARE “™Smmg,  V-SNARE




__—

HOPS
Vps33p
Late endosome
Lysosome
ps33p /— C Endocytosis

Earl
5 Vps45p er?&gsome
olgi
Dsl1 —0
/ GARP
O TRAPPII \
@)
Nucleus w}:ggg?e \‘ C
Pericentriolar

regyclmg O
endosome \/r

Exocyst Seclp

Exocytosis

o—— DED.
TRAPPI

| @K )

Endoplasmic Y

Reticulum @

TRAPPII
Vps51p
GARP Vps54VP$52P

Exocyst

HOPS

Dsl1




H. sapiens SBP1a

H. sapiens SBP3
H. sapiens SBP2

C. elegans Unc18a

C. elegans Unc18b

C. elegans Sec1

C. neoformans Sec1
D. discoideum Sec1 1
S. cerevisiae Sec1 SeC P

-A. thaliana Sec1a
(] A. thaliana keule

o A. thaliana Sec1b
L C. reinhardtii Sect

[ ) T. cruzi Sect
% T. brucei Secf
L.. major Sec1 o
T. brucei Sly1
[ ) =11 cruzi SIy%
L L major Sly1
D. discoideum Sly1

1.00/93/95

H. sapiens Sly1

C. elegans Sly1 Sly1 p

A. thaliana Sly1

C. reinhardtii Sly1
S. cerevisiae Sly1

C. neoformans Sly1

lo ———°

1.00/100/100

T. cruzi Vps33

L. major Vps33

T. brucei Vps33

H. sapiens Vps33b

C. elegans Vps33a
D. discoideum Vps33a

)
e
A. thaliana Vps33
C. reinhardtii Vps33 Vp333p

H. sapiens Vps33a
D. discoideum Vps33b
D. discoideum Vps33c

—— C. neoformans Vps33
1.00/100/100 S. cerevisiae Vps33
l C. elegans Vps33b

(o]

H. sapiens Vps45
C. elegans Vps45
D. discoideum Vps45

A. thaliana Vps45
C. reinhardtii Vps45 Vps45p
C. neoformans Vps45

T. brucei Vps45a
o %T. cruzi Vps45a 0.1
L. major Vps45a
6 T. cruzi Vps45b @=0.99/95/95
| [ ] _{T_ cruzi Vps45c 0©=0.95/80/80
L. major Vps45b

S. cerevisiae Vps45 0O=0.95/50/50

1.00/100/100




Amoebozoa Opistokonta

Archaeplastida

Chromalveolata

Excavata

. sapiens

. elegans

. cerevisiae

. neoformans

. discoideum

. thaliana

. reinhardtii

. merolae

. falciparum

. gondii

. thermophila

. ramorum

. pseudonana

. brucei

. cruzi

. major

. intestinalis

Vps16

VO0® AHNT ™™ v VO O NOOO:

HOPS

Vps1l  Vps4l

Vps18  Vps33

COG

ol 4 N XN F.1

®e® -

COG

COG1COG8
C0oG2

Vps39
coG3

COG4COG5

Vps51
coG7

COG6
Vps52

€ 166006

¢ee fadt " " %5000000

666 ¢

GARP

Vpsd

Vps53

Dsl1 TRAPPI TRAPPII

O OLO O
¢ o & SO06G

ryyye e
oo

eOZRIN

18ung

e1hyd delueidipuin

opoyy

so|idouswell1§ sajely exajdwodidy

epnsejdojoury)

dig

o]

600 <X 000 O HHDHS

Exocyst Dsl1 TRAPPI TRAPPII
Sec3 Exo84 Trs20 Bet5
Secs . Fxo70 Dsll .Seczﬂ . . ey TrS65 . Trs130
Secb Secls
Sec8 Sec10 Tip20 T3 gicz3 700 Tis120

speuow

@ TRAPPI
coG @ @
& @é@ I

Tlg1p

()
GARP @I@ Yptép
o |

Arl1p

O Limited taxon distribution

PM
(mammals)

O Wide taxon distribution

Exocyst

Vti1p Vam3p
Vam7p

Dsl1




TRAPPI
TRAPPII

N/
Betsp
Bet3p
s

-




Intra-complex sequence relationships
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Inter-complex sequence relationships
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The clathrin interactome
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The clathrin interactome
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The cell surface of an excavate (Trypanosoma brucei)
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Trans-membrane domain proteins are ubiquitylated
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Composition of ESCRT complexes
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Evolutionary direction
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Evolution of the endomembrane system
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The Golgi complex

* Processing

* Modification

« Signaling scaffold
« Sorting & targeting




Lineages where an observable Golgi complex is absent
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Primitive or derived absence?

* For each lineage

—Lack of Golgi stacks due to primitive absence or to
loss (of recognisable morphology?)

e Qverall

—How many times, and in which lineages, was Golgi
stacking lost?

—What was the structure of the Golgi body in the
eukaryotic ancestor?




Phylogenetic evidence
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Vesicle
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Genomic Golgi complex signal

Gene products functioning exclusively or mostly
at the Golgi complex:

Coats and adaptors: COPI, Adaptins (AP) 1, 3, 4, retromer
SNAREs: Syn5/Sed5, Syn16/TLG2, Syn6/TLG1, Gos1, Sec22
SM proteins: Sly1, Vps45

Matrix proteins: GRASP, p115

Far from exhaustive, could also include tethers, rabs, etc...




Naegleria

-Common soil amoeboflagellate
N. fowleri causative agent of primary amoebic meningo-encephalitis

‘Related to kinetoplastids, distant from cell biological models
*No recognisable Golgi bodies

Heterolobosea Kinetoplastid_a

Discicristata




Golgi-specific genes in Golgi-lacking taxa

Higher taxon
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Evalue
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SM proteins; Golgi and non-Golgi sub-families
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Genomic evidence for a Golgi complex in N. gruberi

By both pairwise homology and phylogeny

« Genes involved in receipt of material at the Golgi body, i.e. cis
and trans

» Genes involved in trafficking from the Golgi body (cis, intra-
Golgi and trans)

« Genes involved in Golgi morphology and replication

» Together implies the presence of a Golgi-derived organelle in
Naegleria, but with cryptic morphology




 Lack of Golgi stacks due to primitive absence
or secondary loss?

* Most parsimonious explanation is secondary
loss.

diplomonad entamoebid pelobiont microsporidia heteroloboseid oxymonads




 How many times, and from which lineages, was Golgi
stacking lost?

At least five times

) Land Plants
Carpediemonas I/
Retortamonads —
Diplomonads ’<
Heteroloboseids \Q Microsporidia

~ § Animals
Euglenoids
Slime Molds

N\

Pelobionts
Oxymonads

Trimastix Entamoebids

Fungi, amoebae, three examples in excavates

Note: this is the most parsimonious interpretation - there are likely many more
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Metazoa (H.s.) Trypanosomes (T7.b.)
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Opisthokont specific TBCs

Non-Opisthokont specific TBCs
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Evolution of the nucleocytoplasmic transport system




Prokaryote

Modern Eukaryote
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Quter rings

Nucleoplasm

FG nucleoporins

Linker nucleoporins

Membrane rings

Alber et al. 2007




Opistokhont nucleoporins
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Validation by genomic tagging and localization

DAPI GFP Merge DAPI GFP Merge
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TbNup92 has cell-cycle dependent localization

TbNup110

deGrasse and others
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The Karyopherins are conserved and ancient
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Is there a lamina in excavates?

In higher eukaryotes:

Composed of lamins and lamin-associated proteins

Provide mechanical support for the nucleus

Regulate DNA replication, ceII d|V|S|on and heterochromatln organlzatlon

G. splendens

*,’\—

A g
5 ¥
o, 1 5%
it
- '~ ML .‘\‘_

yenas
\

L A M

% Lamin orthologues
/=% restricted to metazoa
%

Paddy et al., 1990, Schermelleh et al., 2008,
Leeson and Bhatnagar 1975, Minguez 1994




Lamin functions/properties

Maintain structural integrity.
Role in NPC and chromosomal positioning.

Role in gene expression and heterochromatin
definition.

Stable and immobile.

Form filaments.




NUP-1
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NUP-1 is conserved in trypanosomes

o (@ )
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NUP-1 forms a basket

duBois, Field, Rout




NUP-1 is required for nuclear integrity

Control SOVAY










Lamin functions/properties

Maintain structural integrity.
Role in NPC and chromosomal positioning.

Role in gene expression and heterochromatin
definition.

Stable and immobile.

Form filaments.




A model for NPC evolution

LCEA

deGrasse and others




Protocoatomer; putting it all together




Core scaffold: NPC structure and origin
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Devos et al.,




Evolution of vesicle coats and NPCs
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SNARE proteins
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Cell Wall

Cytoplasmic membrane
Paryphoplasm
Intracytoplasmic membrane —

Nuclear body envelope

Nucleoid

Anammoxosome
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The Compartmentalized Bacteria of the Planctomycetes-
Verrucomicrobia-Chlamydiae Superphylum Have
Membrane Coat-Like Proteins
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Deep time and origins of the endomembrane system
The Golgi complex - Sculpting |

Rab proteins and interaction networks - Sculpting |l

Evolution of the nucleocytoplasmic transport system

Protocoatomer; putting it all together




Today's scientists have substituted mathematics for
experiments, and they wander off through equation after

equation, and eventually build a structure which has no
relation to reality.

Nikola Tesla, Modern Mechanics and Inventions, July,
1934

We must continue to gather insightful
functional data
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