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NEKLING 1.

0 KpaTkas xapakrepuctuka “HU3WUX
pactTeHU U UX MecTo B CUCTeme
OpraHU4ecKkoro mmpa



e Paspenun sce pacteHus Ha
Thallobionta (Hu3WWe
pacteHusa) u Embryobionta
(BbICWME pacTeHUs)

e BbraBUHYN mMaero NoavYUHeHUs
rpynn

e Been B 60TAHUKY NoHATUE
«CeMeuncTBOo»

AHTyaH JlopaH ae roccbe
(1748-1836)



KTO TAKHME HUSLWIHNE PACTEHNS?

Q HHM3SWKE PACTEHWUAS - pactutenbHOonoaobHbIe OPraHU3MEL, Teno
KOTOpLIX He AU gepeHLUMPOBAHO Ha OTAeIbHbIe OpraHbl (NIUCThA,
cTebnu, kopHu). Takoe BereTatMBHOe TenO HA3bIBAETCA TANMOM (=
cnoesuie)

Plasma membrane
from human host cell

Protein that attaches
virus to cell




e [Tpepnoxun nepsyro
KNaccUPUKauuo
OpraHU4YecKoro mmpa

e Pa3penun Bce XxXuebie
OpraHU3MbI Ha ABA LApPCTBA:
Animalia (XXusoTHbIE) U
Plantae, wnun Vegetabilia
(PacteHus)

Apmcw'renb
(384 po H.3. - 322 po H.3.)



HekoTtoptie cuctembl KNnaccugpuKauum opraHU4eckoro mupa
(no: Maprenuc, 1983) (umgpa B BepXHel CTpOKe yKa3bIBaeT YUCIO LiapCTB)

Ilo Crerfmuepy
coasT. (1977)
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e Pa3penun Bce Xuebie
OpraHU3MbI Ha TPU LAGpPCTBA:
Animalia (’)KusoTHbIe),
Plantae (PacteHusa) u
Protista (TTpoTtucTbr)*

*OT rpeveckoro «proto» -
NepBUYHBIU

dpHcT NeHpux Fununn Asryct [ekkenb

(1834-1919)



___Plantae

Py

Hpeso xusHu no lexkentro
u3: Haeckel, 1866



HekoTtopble cuctembr knaccugpukaumm opraHudeckoro mupa (no: Maprenuc, 1983)
(ummpa B BepxHelt CTpoKe YKa3bIBAeT YUCIIO LiapCTB)

Ilo Crerfmuepy
coasT. (1977)
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Been 8 buonoruo TepmuHsbI

«MPOKAPUOTLI» U «3YKAPUOTHI»
(Chatton, 1925)

v TlepsbIM BbICKA3an naero o
pasaeneHuy opraH1M3mosB Ha ABa
uapcrea:

Prokaryota (TTpokapuoTbl) U
Eukaryota (3ykapuoTbr)

Sasapa LatToH
(1883-1947)



TTpokapuotHaa (csieBa) u 3ykapuoTtHasa (cripasa) KneTku

sy TTpokapuotHaa knetka™

KneTo4Haa CTeHKa
Mnasmonemma

LmnTonnasma

— *OT rpeyecKoro «pro» - Ao u
P «karyon» - appo

MKryTnk

Hykneoug
(3amkHyTaa OHK)

8(y)xapuoTHaa knetka™

*OT rpeyeckoro «eu» -
XOpOowWo U «karyon» - aapo




CpasHeHUe OCHOBHLIX XAPAKTepUCTUK
NPOKAPUOTHOU U 3YKAPUOTHOU KNETOK

IIpH3HAK

IIpoxapHOTHAA
KJIeTKA

D¥KAPHOTHAA
KJIeTKA

OpraHH:zaigisi
reHeTHY eCKOI'o
MaTepHana

SIAPO OTCYTCTBYET,
AHK KobLieBast

sApo HMeercst;, JITHK
OpraHH30BaHa B

XPOMOCOMBI

JIoxkarmzarpis JITHK

B HYKIIeoOH e H
IUTa3MHAaX, He
OIpPaHHY €eHHbIX
3JIeMeHTapHOH
MeMOpaHOH

B siipe H HEKOTOPBIX
OpraHesax

KnerodHoe gerneHHe

MHTO?3 OTCYTCTIBYET

ACTICHHEC ITY TCM
MHTO3a

MemOpaHHbIe
OpraHebI

OTCYTCTEYIOT

HMCIOTCA

PHOOCOMBI B
LIHTOILIA3ZME

70S-THIIa

80S-THIIa

HBH>KeHHe
LIHTOILUIA3MbI

OTCYTCTBYeT

4acTo
OOHapy>KHRaeTCs1

Knero4yHasi CTeHKa
(Tam, rae oHa
HMeeTCs1)

B OOJILIIIHHCTEE

CIIYHAa€eR COMEPKHT
IEeNTHA O ITIIOKaH

MENTHOITIOKaH
OTCYTCIBYeET

AKIryTHKH

HHTBb >KI'YTHKA
IIOCTPOeHAa H3

D eNKOBBIX
CyOBbeHHHIL],
o0pazyIoIHX CITHpaIh

KaKJbIH SKI'YTHK
COoAepsKHUT Habop
MHKPOTpPYOOUueK,

cOOpaHHbIX B IPYINIGL
2:9-2




HekoTtopble cuctembr knaccugpukaumm opraHudeckoro mupa (no: Maprenuc, 1983)
(ummpa B BepxHelt CTpoKe YKa3bIBAeT YUCIIO LiapCTB)
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v TlepsbIm 0bocHOBAN pasaeneHue
OpraHU3MOB Ha NATb LAPCTB
(Whittaker, 1969) :

Monera™, wnu Prokaryota
(TTpokapuoTtbr, MoHepsr),

Protista (TTpoTucTer),

Plantae (PacteHuns),

Animalia (’XuBoTHbIE) U

Fungi (T pnbbr) ST

New Concepts of Kingdoms
< e vovAinghom et Sovesme e
of Organisms wvibont. | hove sreivwnd gragessis for
e Mg o e et stnrohase

Evobaticaary refasoes are detter represented by new

Casificatioen this by S tradisosal two kingdomn. . vt F—

KM Whister The S of e two-bingion
wod i rewicn

There are (hime who someider qos
o W b e -

*OT rpeyeckoro
«mono» - 0AVH S

—

Pobept XapauvHr Yurrakep S s Sae
(1920-1980) ' R

Mariet (19-17)
5, 14, o e o Linplons may cow-

phon cher orpamhen
which lack e kind wnd dagroe of thmee
ARuret s s o gher




EunoreHeTuYecKkMe B3AQUMOOTHOLIEHUS MeXAY OCHOBHLIMU Ipynnamum
opraHusmos (no: Whittaker, 1969)

Plantae Animalia

Basidiomycota

Zygomycota
Tentaculata

schelminthes

cota
- Ascomycota

Chytridiomycota

Oomy

\
<\
\

dosp\\’)
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Monera

Monera - BKnrOYaeT NPOKAPUOTHLIE OPraHU3MbI
Protista - npeumyluecTBeHHO OAHOKNETOYHbIE 3YKAPUOTLI

MHOrokneTouHbIe 3yKapuOoTLI NpeAcTaBseHbl 3 LapCTBAMU, pasninyarowLmmmce
no cnocoby NnUTaHUs:
Plantae - astoTpopbr, Fungi - ocmoTtpoopbr, Animalia - qparoTpodebr



HekoTtopble cuctembr knaccugpukaumm opraHudeckoro mupa (no: Maprenuc, 1983)
(ummpa B BepxHelt CTpoKe YKa3bIBAeT YUCIIO LiapCTB)
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Kapn Puuapa Bese
(1928-2012)

v ObocHoBan npumeHeHue B

PpUunoreHnm nocnenoeartesibHoOCT1

pPHK

v Bbraenun apomeH Archaebacteria
(Apxebaktepuun, Apxeun) (Woese,

Fox, 1977)

THE GENETIC
CODE
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Phylogenetic structure of the prokaryotic domain: The primary

kingdoms

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

CARL R. WOESE AND GEORGE E. Fox*

Department of Genetics and Developenent, Usivessiy of Ilinols, Urbura, inais 61801

Communcated by T. M. Sonneborn, August 18, 1977

ABSTRACT A phylogenetic anayss based upon ribosomal
RNA sequence “ rveals tha Tiving sytems
represent one of lines of desceat: (1)

T (3 the archach

and (iif) the urkaryotes, now
m&emh& in the eytoplasmic component of eukaryotic

‘The biologist has customarily structured his world in terms of
i i as ok plan was
ially had been

plants, resembled both plants and Formdons
plants and animals resembled one another led toa reformula-

in endless molecular detail. As result, it is generally taken for
;umd that all etan fe must b ofthese tro basi types
T s tappe that the biologist has solved the problem of
o,{eneuc groupings. However, this is not the
- DMdmg the living world into Prokaryotae and Eukar-
yotae basseved. i anything,to obscure the problm o what
extant groupings represent the various primes
e e ot T et euhl)nle‘
inction, although

ot
probably reflects the former's compos.ﬂe origin as a symbiotic
collection of various simpler (1-5). However striking,
these organizational dissimilarities do not guarantee that eu-
karyote and prokaryote represent phylogenetic extremes.

makes it necessary that it first be conceptually reduced to its
phylogenctically separate components, which arose from
cestors that were noncomposite and so individually are
parable to prokaryotes I other words, the question of the
primary phylogenetic groupings must be formulated solely in

entitics. (Note that in this context there i no suggestion a prioré

that the living world is structured in a dichotomous way
organizational differences between prokaryote an

cukaryote and the composite nature of the latter indicate an

important property of the evolutionary process Evolution secms

‘quantized” fashion. One level or domain of

ly to: higher (more complex)

ind “eukaryote” actually represent

o o B s Thea although it s useful to define

phylogenetic patterns within cach domain, it is not meaningful

n. cons o puh cation of this article were defrayed in part by the

ges. This article m be hereby marked
';.d.?m. ment - n ocordance with 18U, 5 C. §1754 olly 1o indicate
this fact

to construct phylogenetc clsifications between domains
doms are not comparal rlneuhrv(i\cums

l
w recognize l’! qullullve dmmdwn
between prokaryotic and eukaryotic
that the former have primary e\-nhnlomry status.
nain to a higher one then becomes
Initially one would like to know whether this
is a frequent or a rare (unique) evolutionary event. It is tra
tionally assumed—without evidence—that the eukaryotic
dnm.ln l'us-dm.t;l“mv. all rxllnl ruklryotts stem from a

prejudice holds
for the ‘prokaryotic domain (2). |w. zkvhzre argue (6) that
2 hypothetical domain of lower complexity, that of “pro-
genotes,” may h.lvewuxdgduﬂp‘wnmrlo\hvpﬂ*&rw! ]
The present communication is a discussion of recent findings
that relate o the urkingdom structure of the prokaryotic do-
‘main and the question of its unique as opposed to multiple or-

Phy logenetic relationships canno( be Rlulﬂy n(lbh:hcd in
terms of noncomparable propert
proach that an measure degree of difference in comparable
ures s required. An organism's genome seems to be the
ultimate record of its evolutionary history (8). Thus, compar-
ative analysis of molecular sequences has become a powerful
approach to determining evolutionary relationships (9, 10).
To determine relatic coveiag the entire spectrum of
extant |4m.imxem one optimally needs a molecule of ap-
propriately broad dmnhuum None of the readily character-
i ts this requirement. However, ribasomal RNA
of all self-replicating systems, it i readily
hohled and its sequence changes but slowly with time—per-
tting the detection of relatedness among very species
(n 13). To date, the primary structure of the 165 (185) ribo-
somal RNA has been characterized in a moderately large and
varied collection of organisms and organclles, and the general
Phylogenctic tructure o the prokaryctic domain s beginniog
to emerge.
A comparative analysis of these data, summarized in Table
1, shows that the organisms clearly cluster into several primary
kingdoms. The first of these contains all of the typical Bectera
so far characterized, including the genera Acetobacterium,

Eubacterium, Lactobacillus, Leptospira, Micrococcus, My-
coplasma, Paracoccus, Photobacterium, Propionibacterium,

* Present address: Department of Biophysical Sciences, Usiversity of
Houston, Houston, TX 77004,




Eukaryota

+ Chromophytes
* Oomycetes

* Diatoms
Ciliates

* Dinoflagellates
‘ v / Apicomplexans
‘ ' “ Red algae )
Animals '

Chrysophytes

{ Brown algae
Xanthophytes

g Fungi

Slime molds *
. Plants £ b
Eubacteria + ‘Craen ntamoebae

algae Amastigote
amoehae

Kinetoplastids
* Euglenoids

Trichomonads

Microsporidians
Diplomonads

—_—

Archaebacteria

«HeykopeHeHHOe>» AepeBO, oTpaxarollee Tpu
LapcTea, NOCTPOeHHOe Ha aHasnuse CXOACTBa
nocnepoeatensHocteir reHos pPHK

n3: Sogin, 1991




Cuctema nNpokapuot u npocremwmx (no:

soutepox Collu hta

Archasbactern

X0O-0-0-000 €
ipspcme Thermeacdebacareb wntes
xxxx Falfelo bo pleylos
rmxIlormepre ke phyles

ipapcme Archasstenercutebacerinb ontes

rxxxThonne plasme phykbs

igapcme Habbactareb ontes
rxxHaloback oo pleyles
ixaxHabceccephyles

igapcme Diachanebactariob ontes
xxxBio thare bac ke phyles

xorooooot Fubactern

roamoapcme Gracilicutes

igapcme Oxyphetebaceriob ontes
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ipapcme Anexyphetebactarsh entes
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CxxParamecie plyyles
igapcme Betarokontes
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ObocHoean pasgeneHue
3YKAPUOTHLIX OpraHU3MOB Ha
ABe MOHOPUNeTUu4YeckKue
rpynnet (HaauapcTea):
Unikonta (OaHOXTryTUKOBbIE) U
Bikonta (OsyxryTukosbie)

*OT NATUHCKOro «unus» - oaUH
**oT J'IGVIHCKOI'O «bi» - gra

‘:"'..-o.‘.,.. 9]‘|- "

Tomac Kasanup-Cmur
(1942)




Cuctemsr opraHuyeckoro mupa (no:
uTA)

empire PROKARYOTA (Cavalier-Smith 2002 b)
kingdom Bacteria
subkingdom Negibacteria (phyla Eobacteria, Sphingobacteria, Spirochaetae,
Proteobacteria, Planctobacteria, Cyanobacteria)
subkingdom Unibactenia (phyla Posibacteria, Archaebacteria)
empire EUKARYOTA (Cavalier-Smith 1998)
kingdom Protozoa (Cavalier-Smith 2002z, 2003a)
subkingdom Sarcomastigota (phyla Amoebozoa, Choanozoa)
subkingdom Biciliata
infrakingdom Rhizania (phyla Cercozoa, Foraminifera, Radiozoa)
infrakingdom Excavata (phyla Loukozoa, Percolozoa, Euglenozoa,
IMetamonada; the latter now includes Parabasalia and Anaeromonadea; Cavalier-
Smith 2003a,b)
infrakingdom Alveolata (phyla Myzozoa (Cavalier-Smith & Chao 2004),
Ciliophora)
Biciliata incertae sedis: phylum Apusozoa (may be sister to Excavata); phylum
Heliozoa
kingdom Animalia {Myxozoa and 21 othera phyla) (Cavalier-Smith 1998;
Cavalier-Smith & Chao 2003¢)
kingdom Fungi (phyla Archemycota, Microsporidia, Ascomycota, Basidiomycota)
{Cavalier-Smith 20004)
kingdom Plantae
subkingdom Biliphyta (phyla Glaucophyta, Rhodophyta)
subkingdom Viridaeplantae (Chlorophyta, Bryophytaa, Tracheophytaa)
kingdom Chromista
subkingdom Cryptista (phylum Cryptista: cryptophytes, goniomonads,
katablepharids)
subkingdom Chromobiota
infrakingdom Heterokonta (phyla Ochrophyta, Pseudofungi, Opalozoa
{comprising subphyla Opalinata, Sagenista)
infrakingdom Haptista (phylum Haptophyta)

Cavalier-Smith, 1998, 2002, 2003

unikonts bikonts

Animalia Fungi

Rhizaria*

Cercozoa

Plantae chromalveolates
Chromista
eolata®

Foraminifera o
Radiolaria s

Excavata®
Apusozoa*

Amoebozoa*

eukaryotes

prokaryotes
(bacteria)

Eubacteria

?= branch order uncertain

Archaebacteria
*

the six major groups of kingdom Protozoa

bikonts

corticates
Chromista

unikonts
Fungi

Animalia

Plantae
Sarcomastigota plastid inside RER and
periplastid membrane

Protozoa
2 myesin

domain fusions
Eozoa
We2Fancestral aerobic, biciliate, phagotrophic eukaryote

ochond
eukaryogenesis

~850 Myr ago

cortical alveoli 800 Myrago

neomura

symbiogenesis

Eukaryota
Bacteria aopssnkd ther
membrane lipids

Archaebacteria —}——

novel flagella
ancestral neomuran

histones; cotransiationally made N-linked

glycoproteins replace murein; flagella lost

neomuran revolution T

Unibacteria Actinobacteria
208 proteasomes
phosphatidylinosital

1 surface membrane

Posibacteria

| - Endobacteria 2-1.5 Gyr ago

Eurybacteria R
‘l Planctobacteria

Proteobacteria
Sphingobacteria

2 surface membranes

Negibacteria

eubacteria

Spirochaetae

(=)
= eubacterial flagella

- Cyanobacteria

~2.5 Gyr ago
oxygenic lipopolysaccharide
photosynthesis <: Shomai Hadobacteria
Chlo acteria
acyl eSlE_r ) hlorobacteria anoxygc"]c
membrane lipids “8.5 Gyr ago photosynthesis

Eobacteria




OpraHUsmbI U TPAAULMUOHHBIE AUCLMUNIUHBI, UX U3ydarolue
(no: Maprenuc, 1983)

Opranu3smsl TpaauiHOHHBIE AHCLUILIMHBI O6nacTi nepeKphIBAHAS

Mownepsl baxrepuonorus '

odMU N

ITpoTOKTHCTHI ITpoTo3oonorus

w
o
o
=
@]
=
=
]

BHIOL'ONQ
BAJIOLONH

(BuIOIrOI41rR)

BXMHEBLOQ

I 'pubei Mukonorus

KHUIOLLONH A

Pactenus borannka

EH.IOLL00E

JXKusotHbie 3o0050rHUS

«[...] cucTemaTuKa TaK Ha3bIBAEMBIX «HU3LWUX»> OpraHU3mMoB (bakTepuid,
NPOTUCTOB U rpUbOB) HaxoaUTca B 6poxeHun. TTpoTBOpeUmnsa BOSHUKAIOT
OTYACTU U3-3a NPOPECCUOHANBHOU OpraHU3aLmUm MUKpObUONOros U
6oTaHukoB. X TpaamLmm NNoxo OTpaxaroT B3AMMOCBS3U Mexay
OPraHU3MaMu, KOTopbie OHU usydaroT™ (Maprenuc, 1983: 29).



PacxoxpneHusa B knaccugpukaumm 60TGHUKOB U 300J10r0B

botanuku

Joonoru

TakcOHOMHHECKHI
JpOBEHD

Taxcon Kpurepu

Taxcon Kprrepmi

[{apcTso
Tun

Krace
[opazox

Pon 1 sug

Planta¢ Gorocunres
Chrysophyta ~ 3omoTucro-kenras
THTMEHTALIA

Chrysophyceae

Chrysamoebida ~ Amebodarennsr-
HBIE TIOXBHKHBIE
CTA M

Ochromonas danica

Animalia [TomBHKHOCTS
Protozoa OJHOKAET0%HOE
HBOTHOE
Phytomastigophorea  [TnacTuzsi
Chrysomonadina ~ 3omoTWCTO-KeMTBI
IIBET TIACTHN

Ochromonas danica




Kakue opraHusmer TpaguuUMUOHHO paccmatpuBaeT Kypc?
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CBA3U MexXAy MAKPOTAKCOHAMU OpraHU4Yeckoro mMupa

ns3: Adl et al. 2006



Cea3su mexay mMakpoTakcoHamu
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Tree of Life Web Project (TolL) http://tolweb.org/tree/phylogeny.html

home browse help features learning contribute about

TREE OF LIFE web project

Explore the Tree of Life

Browse the Site Learn about ...

Root of the Tree Agaricales

Popular Pages (a group of fungi)
Sample Pages
Recent Additions
Random Page
Treehouses

Images, Movies,...

image info

The Agaricales, or euagarics
clade, is a monophyletic group of
approximately 8500 mushroom
Species...
2 read more
News
Darwin 200: the

celebration
continues...

" read more

# more featured pages

The Tree of Life Web Project (ToL) is a collaborative effort of # biologists and nature enthusiasts from around the world.
On more than 10,000 World Wide Web pages, the project provides information about biodiversity, the characteristics of
different groups of organisms, and their evolutionary history (& phylogeny).

Each page contains information about a particular group, e.g., # salamanders, # segmented worms, & phlox flowers,
# tyrannosaurs, ¥ euglenids, # Heliconius butterflies, % club fungi, or the # vampire squid. ToL pages are linked one to
another hierarchically, in the form of the evolutionary tree of life. Starting with the & root of all Life on Earth and moving
out along diverging branches to individual species, the & structure of the ToL project thus illustrates the genetic
connections between all living things.

£ read more about the Tree of Life Web Project.

"The affinities of all the beings of the same class
have sometimes been represented by a great
tree... As buds give rise by growth to fresh buds,
and these if vigorous, branch out and overtop on all




UNIKONTA

Umnepua Unikonta (OaHoxryTukoBbie) - 60NbLWMHCTBO
npeacTasuTenen UMeroT OAUH XryTUK

LlapctBo Opisthokonta (3aaHexryTukoBbrie) - XryTUKOBbIE KNeTKU
(cnepmato3omabl, 300CNOPLI) UMEHOT OAUH 3GAHUU XIYTUK, KINeTKU
UMerOT MUTOXOHAPUU C NIIOCKUMU KPUCTAMU

["pynna moHOMUNEeTUYHaS

Fig. 11. Some examples of opisthokonts. From left to right: the choanoflagellate Salpingoeca (@ William Bourland), the animals Saimir sciureus (squirrel monkey, @
Luc Viatour) and Cyanea capillats (lion's mane sea jelly, ® Patrick Keeling), the fungus Morchells (@ Patrick Keeling), and the microsporidian Fibrillanosema crangenycis
(@ Leon White).

Mycota (Mpubebr) *
Ot1pensl: Chytridiomycota, Zygomycota, Glomeromycota, Ascomycota,
Basidiomycota, popmanbHeIn otaen Deuteromycota

INTuxeHn3smpoeaHHbIe rpUbLI (NUWAUHUKU) pACCMATPUBAKOT B
COOTBETCTBYHOLWMX Fpynnax rpubos



UNIKONTA

Umnepua Unikonta (OaHoxryTukosbie) - 60MbLWUNHCTBO
npeacTaguTene UMeroT OAUH KIYTUK

Llapcteo Amoebozoa (Ameb030a) - B XU3HEHHOM LiMKIe NpPUCYTCTBYHOT
amebougHbie CTaauu, Ncesaonoamm nNobosHbIe, KNeTknm UMeroT
MUTOXOHAPUMU C TPYBUATBIMU KPUCTAMMU

"pynna moHopunetuyHas (?)

Fig. 12. Some examples of amoebozoans. From left to right: the slime mold Leocarpus fragilis (€ 2008 Mavi Rodriguez Garcia), the slime mold Diachea leucopeodia (©
2006 Randy Darrah, The Eumycetozoan Project, University of Arkansas), and a lobosean testate amoeba, likely Nebels tubulosa (@ 2009 Antonio Guillén, identified by
Ralf Meisterfeld).

Cnusesuku
Ot1gensl: Myxomycota, Dictyosteliomycota

0 JNTOBO3HbLIE TICEBAOTIOANMU (NOBOTTIOANU)- wupokue nonacteBUaHbIe
BbIPOCTbI, COAEpXalime 3KTO- U SHAOMNMIA3MY



ARCHAEPLASTIDA (PLANTAE)

Umnepusa Plantae (PacteHus) - sknroyaet npeactasuTenen, y KOTOpbIX
XJIOpONAAcT BO3HUK B pe3ysibTaTe NepBUYHOIrO IHAOCUMOUO3A; KNEeTKU
UMerOT MUTOXOHAPUU C NIIOCKUMU KPUCTAMU

["pynna MoHO®pUNEeTUYHas

Llapcteo Glaucophyta (Fnaykogurer) - 04HOKNETOUHbIE U KONOHUASbHbIE
(POPMEI; KIeTKU COAepXaT YHUKASbHLIN XnoponnacT (umaHenna); xn. a
Llapcteo Rhodophyta (BarpaHku) - 04HOKNETOYHbIE, KONTOHUASIbHBIE U
MHOTOKMeTOYHbIEe (POPMBI; XJ1. a

LlapctBo Chloroplastida, Viridiplantae (3eneHsre pacteHus) -
OAHOKNETOYHbIe, KONTOHUANbHBIE U MHOTOKTeTOUHbIE (POPMSI; XJ1. a, b

Fig. 7. Some examples of Archaeplastida. From left to right, the red alga Chondracanthus (@ Patrick Keeling), the green alga Cosmarium (@ Patrick Keeling) and the
land plants Typha latifolia (@ Patrick Keeling) and Calocedrus decurrens (@ 2008 Fort Photo).

Boaopocnu
Otgensr: Glaucophyta, Rhodophyta, Chlorophyta, Charophyta



RHIZARIA

Umnepusa Rhizaria (Pusapusa) - ogHOKNETOYHbIE OPraHU3MEL; KNeTKU
UMerOT (PUNO3HBIE NCeBAONOAUU UMY AKCONOAUU

["pynna MmoHO®UNEeTUYHas

Llapcteo Cercozoa (Llepko3oa) - KneTku UMeroT MUTOXOHAPUU C
Tpy6UaTBIMU KPUCTAMU,; PUNONOAUM 06pasyoT ceTb (GHACTOMO3bI)

Fig. 10. Some examples of Rhizaria. From left to right: the euglyphid amoeba Corythion dubium (@ Edward Mitchell), the chlorarachniophyte Gymneochlora (@ Patrick
Keeling), the foraminiferans Allogromiz (© Jan Pavdovski and José Fahrni) and Calcarina spengleri (@ 2008 Michael).

Cnusesuku

Otgenst: Plasmodiophoromycota
Bonopocnu

Otgensl: Chlorarachniophyta

Q $NNO3HDbIE TICcEBAOTIOANN (EANOTTIOANN)- anUHHbBIE HUTEBUAHbIE
BbIPOCTbI, COAEpXKAlUMe SKTOMMA3MY U AKTUHOBBIE MUKPOPUIIAMEHTLI

O AKCOTTOINUN- koHycoBuAHbIE BLIPOCTLI, COAEPXKALLUE MUKPOTPYHOUKM,
OKPYXeHHbIe LUTONNA3mMOou



CHROMALVEOLATA
Umnepua Chromalveolata (Xpomanbseonsara) - sknroyaer
npeacTaBuUTenNel, y KOTOpbIX XJI0pOnnacT BO3HUK B pe3ysibTarte
BTOPUYHOTO (TPETUYHOr0) 3HAOCUMOIMO3a (Y HEKOTOPLIX = BTOPUYHO
yTpaudeH)
["pynna moHOMUNEeTUYHas
Llapcteo Stramenopiles (CTpamuHONUALL) - 30UALI UMEHOT TPeX4acCTHbIe
MACTUTOHEMBI Ha XTYTUKAX; KNeTKU UMerOT MUTOXOHAPUMU C TpybUuaTbIMU
KpUCTamm

Fig. 9. Some examples of chromalveoclates. From left to right: the multiculluar brown alga Macrocystis (© (
this image is derived from the Professor Frank Round Image Archive at the Royal Botanic gh), the ciliate Bursaria trun illiam Bourland,
Freshvater and terrestrial microbes of Idaho), the filamentous dinoflagellate Gymnodinium ca ( Andersen and D. J. Patter age is of material
from Provasoli-Guillard National Center for Culture of Marine Phytoplankton), and the bicosoecid Bicosoeca petiolata (@ William Bourland, Freshvater and terrestrial
microbes of Idaho).

TTcesnorpubuz

Ot1gensl: Oomycota, Hyphochytridiomycota, Labyrinthulomycota
Bonopocnu

Ot1genst: Ochrophyta



CHROMALVEOLATA
Umnepua Chromalveolata (Xpomanbseonsara) - sknroyaer
npeacTaBUTenNen, y KOTOpLIX XSOponsacT BO3HUK B pe3ynbTarte
BTOPUYHOTO (TPETUYHOr0) 3HAOCUMOIMO3a (Y HEKOTOPLIX = BTOPUYHO
yTpaudeH)
["pynna moHOMUNEeTUYHas
LlapctBo Alveolates (AnbBeonarsr) - y 60nblWMHCTBA NpeAcTaBUTENel
KJ1eTOYHbIe NMOKPOBLI MMerOT afbBeOosbI (KOPTUKASIbHBIE Be3UKYJIbL);
MUTOXOHAPUU C TPYBYATBIMU KPUCTAMMU

om th.: P oh= sor F ran k Ro d Irnag»= Ari h re at th.= F‘o ), Bur: illiam Bourland,
Freshwater and terrestrial micr b~=s of Idaho), the filamen to s dinoflagellate Gymnediniu natum (@ Bo And-= sen an d D. J D ttarson, this image is of material
from Provasocli-Guillard National Center for Culture of Marine Phytoplankton), and the b icosoecid Bicosceca petiolata (© William Bourland, Freshwater and terrestrial
micr obﬂ; of Idaho).

Bonopocnu
Ot1genst: Dinophyta



CHROMALVEOLATA
Umnepua Chromalveolata (Xpomanbseonsara) - sknroyaer
npeacTaBuUTenNel, y KOTOpbIX XJI0pOnnacT BO3HUK B pe3ysibTarte
BTOPUYHOTO (TPETUYHOr0) 3HAOCUMOIMO3a (Y HEKOTOPLIX = BTOPUYHO
yTpaudeH)
Llapcteo Cryptophyta (Kpuntogpurbr) - 60nbWKMHCTBO NpeacTaBuTesien -
OAHOKIeTOYHbIE MOHaAHbIE (POPMLI C AOPCOBEHTPAsbHBIM CTpOeHUeM
KNeTKU; KNeTKU coaepxat 94p0 3HAOCUMOBUOHTA (Hykneomoppy)
Llapcteo Haptophyta (Fantogpursr) - 60NbWUHCTBO NpeacTaBuTeneu -
OAHOKIeTOYHbIe MOHAAHbIE (POPMBI; KIeTKU UMEHOT MeXAy XIryTUKAMMU
BBIPOCT - FANTOHEMyY

this image

Freshwater and terrestrial microbes of Idaho), the filamentous dinoflagellate Gymnodinium cate:
from Provasoli-Guillard National Center for Culture of Marine Phytoplankton), and the bicosoce
microbes of Idaho).

Boaopocnu
Otgensl: Cryptophyta, Haptophyta (Prymnesiophyta)



EXCAVATA

Umnepua Excavata (Sxckaeata) - 0AHOKMETOUHbIE OPraHU3MbI; MHOTUeE
NpeACTABUTEN T UMerOT LMTOCTOM U NULeBYyro 6opo3ay

["'pynna He MOHOMPUNETUYHAS

LlapctBo Discicristates (Qucuukpucrtara) - KnNetku umetrot
MUTOXOHAPUU C AUNCKOBUAHBIMU KPUCTAMM

Fig. 8. Some examples of Excavata. From left to right: an SEM of the oxymonad Saccinobaculus minor (€ Kevin Carpenter and Patrick Keeling), an SEM of the

photosynthetic euglenid Lepocinclis spirogyra (@ 2003 Brian S. Leander), a DIC light micregraph of the heterclobosean Stephanopogon minuta (© Naoji Yubuki and Brian
S. Leander) and a fluorescence micrograph of the parabasalid Holomastigotes elongatum (@ Guy Brugerolle).

Cnusesuku

Otgensl: Acrasiomycota
Bonopocnu

Otgensr: Euglenophyta

O UMATOCTOM- yuacTok Tena, NnpefHasHaYeHHbIN A8 3HAOLMUTO3a



CBA3U MeXAy MAKPOTAKCOHAMU 3YyKApUOT

Green plants (green algae, including prasinophytes, and land plants)

Rhodophyta (red algae)

Claucophytes (microalgae with uniquely cyanobacteria-like chloroplasts; e.g. Cyanophora)
Animals (Metazoa)

Choanoflagellates (collared-flagellates)

Filasterea

Ichthyosporea

Fungi (mushrooms, sac fungi, yeast, molds, rusts, smuts, etc.)
S S S A A A A A

Nucleariidae (filose amoebae; e.g. Nuclearia)
Amoehozoa (a group of amoehae, slime molds, and parastic protists)

Cercozoa (amoehoflagellates; e.9. euglyphids, chlorarachniophytes)

Foraminifera (complex cells with reticulopodia and a test/shell)
adiolaria (Polycystina and Acantharia)

Alveolates (dinoflagellates, ciliates and apicomplexan parasites)

Stramenopiles (&.g. water molds, diatoms, brown algae, chrysophytes)
Hacrobia (Haptophyta, Cryptomonads, etc.)

Malawimonads
Discicristates Euglenozoa (euglenids, diplonemids and kinetoplastids; e.g. Euglena and Trypanosoma)
Heterolobosea (amoehoflagellates with discoidal mitchondrial cristae)

Jakobida (free-living, heterotrophic flagellates)
Parabasalids (trichomonads and hypermastigotes, e.g. Trichomonas and Trichonympha)
Fornicata (diplomonads and retortamonads; e.g. Giardia and Chilomastix)
Preaxostyla (oxymonads and Trimastix)
7= Protists of uncertain placement

u3: Keeling, Leander, Simpson, 2009
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CBA3U MeXAy MAKPOTAKCOHAMU 3YyKApUOT

Green plants (green algae, including prasinophytes, and land plants)

Rhodophyta (red algae)

Claucophytes (microalgae with uniquely cyanobacteria-like chloroplasts; e.g. Cyanophora)
Animals (Metazoa)

Choanoflagellates (collared-flagellates)

Filasterea

Ichthyosporea

_ Fungi (mushrooms, sac fungi, yeast, molds, rusts, smuts, etc.)
i Nucleariidae (filose amoebae; e.g. Nuclearia)
Amoehozoa (a group of amoehae, slime molds, and parastic protists)
Cercozoa (amoehoflagellates; e.9. euglyphids, chlorarachniophytes)
Foraminifera (complex cells with reticulopodia and a test/shell)
E— Radiolaria (Polycystina and Acantharia)

Alveolates (dinoflagellates, ciliates and apicomplexan parasites)

Discicristates Euglenozoa (euglenids, diplonemids and kinetoplastids; e.g. Euglena and Trypanosoma)
Heterolobosea (amoehoflagellates with discoidal mitchondrial cristae)

Jakobida (free-living, heterotrophic flagellates)
Parabasalids (trichomonads and hypermastigotes, e.g. Trichomonas and Trichonympha)
Fornicata (diplomonads and retortamonads; e.g. Giardia and Chilomastix)
Preaxostyla (oxymonads and Trimastix)
7= Protists of uncertain placement

u3: Keeling, Leander, Simpson, 2009
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Molecular Phylogeny and Description of the Novel
Katablepharid Roombia truncata gen. et sp. nov., and
stablishment of the Hacrobia Taxon nov

aphidiaphvys confraciiis

Paviova quhcn
- isochrysis galbana
Emmanra huixleyr
sochramaling SAPT NIES-1333

onnonas sp. ATCC 50108
Goniomonas tnncata

Guillardia thefa
— Telonema subtile
¥ Talonema anfarcticunm
.ELemrypros manng
Le

AN
Abstract Roombia truncata gen. et sp. nov

,
Bor:kgmw Pholosymhenc eukaryotes wmh a seconday plastid of red algal ongin kryptophytas, haptophytes, Ll T
and are d 1o share a sing ke orig in of plastid acqulsition according
toC . Recent phyl ina1ys= suggest ﬂm phdlosymh:uc :Wuomal\eolates" form a large
clade with inch of several o thetic protist ineages. ds are onesuch lineage .
::::ﬁdzpmt;md to oyptophytes. Despite thelr ewolutionary and ecological importance, katablepharids are puody Gfaucocys!rs nostochinearum

:Cya mpmdicrxa

Merhodo’ogﬁ‘lﬁrﬁsd Findings: Hees, we report a newly dicovered flagelate, Roombia runcata gen &t sp. now, that ks - { Mmsr
related to katableph but i marphologically distingt from oth bers of the group In the folowing ways: (11 two al"”s
flagella emerge fram apapﬂh-llu b I 2 ejectisomes are aligned In multiple (5-11) rows, 31 iNense
each ejectisome Increases in size towards the posterior end of the rows, and {4 upon feeding, a part of cytoplasm elastically Fdﬂfl%‘ ihahana
stretch 1o engulf whaole prey cell Molecular phylogenies Inferred from Hsp®0, SSU rONA, and LSU rDNA sequences Chiamydomanas rewihard i
consistently and strongly show R. truncata s the sister lineage to all other katabiepharids, induding lineages known only Fierosperma crsfatum
from emvironmen tal sequence surveys. A close assoclation b and cryptophytes was ako din e moocwsluwnamm g
maost analyses. Katablepharids and oryptophyies are together part of a larger, maore Inclusive, group that also contalns intenmedivm
haptophytes, telonemids, centrohelids and perhaps biliphytes. The monophyly of this group & supported by several .:Ps&udoums{y!a crl’stara
different molecular phylogenetic datasets and one shared lateral gene transfer; thesefore, we formally establish this diverse Halteria graﬂdmaﬂa
clade as the “Hacrobla” Telmhymena thenmophila
Toxop'ssma gong#

Cryptophytes

Telonemids

Hacrobia

Varcowmr, Bridsh Columbia, Canad

Archaeplastida

Conclusions/Significance: Dudls:mmy ol.R. wURCata notonly stpands our km«bedge I the bess stud led flagellate group, Alveolates
but provide a better of phyk ry view of plastid acquisition/losses of
Hacrobla. B=ing an | to all katablephands, and readily cult "' R. wuncata s a good cand idate for multiple gene

analyses that will contribute to future phylogenetic studies of Hacrobla.

._:C hecndrmum cohmi
aﬂadwum mNerum
jandra
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Opistokontes
Introduction DNA suggest that katabley
group of cryptaphytes [#-11]

K ids am 7 colarles 1l that play

an nnprrum rale as predators in both marine and freshwater
microbial coomstems [1-6]. Katablepharids wer origmally
described by Skuja [7] based on the oblong to sk cell shape
with ane ankrior and one poserior flagellum emerging from a
subapral rgwon. These fhgellates had been camified = a

broup of cryptophytes baed on ities observed in light
microscopy, then ler reclisified = fwemas sadic bamed on
ultnastructural stuches [1]. Recent molecular phylagenetic analyses
inferred from small ad hge mibuni (SSU and LSU, respectivelyl

)
@~ PLoS ONE | wwwplmmnearg

Ao s cow. eonay, e ' o st S238NH82
«ryptaphytes is clear, whether ar not they are cm.: anather's

closest relatives remains cpen to debate; several other lineages
previausly clasified a5 incedas seis have been shown to branch in
this part of the sukaryatic tree n mdmllar phylogenetic analyses,
such = ids [12,13] and (picobily L kmown anly from
e d and f] n st hybnde
(FISH) images [14-17).

Their chose aociation to crypiophytes makes katablephands an
interesting group from the penpective of the chromalveolus

Septermnber 2008 | Vdume 4 | kssue 9 | <7080

Cryptococcus necformans
Rhiynchopus sp. ATCC50230

L ._:EMOSMW sulcatum

.{L avshmama nfantum

s M e
Rhynchobodo ATCCS0359

Excavates

Euglena graciis :
americana

Andalucia godo
Naeglerna gruber &

Breviata anathema
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PROCEEDINGS

The evolutionary history of haptophytes and
cryptophytes: phylogenomic evidence for
separate origins
Fabien Burki, Noriko Okamoto, Jean-Frangois Pombert

and Patrick J. Keeling*

Canadian Istinite or Ad e "o British Columbia, Vancover,
Brisch Cobmbia, Canada VET 124

An important miging plece in the puzde of how plastids spread acros the cularyonic tee of life & a mobust
evolutioasary fram ework for e hodt lincages. Fouwr asamblags are lnown 10 barbowr plastids derved from
red algae and, dirg 1o the sial chromalvealare bypothesss, these all share a common ancestry.
Fhy) ic analyses have o ly shown that stramenopiles and abeolnes are dosely related  but bap-
ophwtes and aryploplivies ranan antions; ey have been proposed 10 brand together with several
heterotophic groups in the newly encred Hacmbia, Here, we tested this gquestion by producing a large
expresed sequence tag dataset for the katablephanid Roombils runsara, one of the ket hamoblan lincages
for which gepome-devel data are unmailable, and combined this dataset with the recently completed Hkl]lll'll)ll\'t[“'\‘
genome ofthe cryproph yie Gralondss thera vobudld an al P 4 of 258 genes. Ouramal yses strongly g haa v
!upp()fl lnpmphvus @ sister 1o the SAR y:yup, paossibly together with telorsemids and cenmobelids. We also
d the ¢ arigins of'k & and aryploplytes, bul these lneages were not nelated to othier
hacobtans; etead, ey brandy with plasts, Our study nsolve the evo luti v position of haplophyt e, an
ecnlogically eritical compornen of the scears, and propeses a new hypothests Bir the onigin ufu-ypusphyus,

Keywords: phiyloge ici; plastd; baptophyie; eryplophyte; katablephanid; wee of life

1. INTRODUCTION
Eukaryotes first acquired pliotos through endo

bhaptophytes and ayplophytss, alogeher forming the
Ch bveolata supergrowp [11]. This bypotbesis is based

biosts, where a b phic cell lfd and ned
aplml.mvnlhchspmkarynh. related 10 modern-day Cyano-
badera, ulimatedy integrating it 1o fom e highly
spectalized plasnd organelles we see today [1-3). This
crudal event in eukaryote evolution & generally seen as
unigue: primary platds probably evolved only once in
the common ancestor of ghucophyies, red algae and
green plants (green algse + land plaps), wogeiher making
the Flamse sulx_'rg'oup [4] b see [5]) A mud: mon
recent case of. 1 Lo eukaryole ¢

hm been reported in the thizarian Brdinda chromarophora
(6], but this event appears 1o have had les impact on the
diversi jon of plastids. Photosynibheiis spread furtder 1o
o luwer eukaryolic rages by means of second ary endosym-
bisses, when other eukaryotes sl.llmx.]wml]y engulfed g\.m
orred algae, and, in dinoflagell tertiary end

[7]. O the green side, two ind ependent caves of secondary

onthe fact thar complex evenis are necessary 1o establish a
platid, so i1 & more pardmoniows to lmit the number of
phtid origing, rgandles of e oumber of plastd losses
this implies [12]. Thus far, plastid doa have generally sup-
pored the monophyly of some or all of the chromaleeolate
lineages where plasnds are krown, Mokouler evidence
for this includs mulli-gene phylogades [13,14], shared
evolutionary Maory of several muclews-encoded pland-
rargeted genes [15-18], and a rare lateral gene tramsfer in
1he plastics o f haptophyies and aryplophyies (18],

The chromaleolae hypothests ako predics tha the
Bodt nuclar Ipcage are monophyletis; & far, bowever,
thic has proven impossible 1o verify depite the we of
substantial alignments (in the mnge of 30000 mum
aads). Nuclear-bsed phyl hme
alwowin taat mnm:pﬂu and alveolates ane dosely n.hlud
and that ey form a swongly supported group with

endosymbioses ane known, leading 1o dhl
and euglenid algae, respectively [B]. On the red side, the
sinmtion & much more conten ious.

The cromalveolate iwpal.bma has bum regarded as a
likely I v % for ! the origin and
distribunion of red secondary plistids [9,10]. Tt posis tha
a single secondary endosymbioss with a red alga gave rise
1o plastids in stramenopiles (or betenkonts), aleolates,
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Riytzaria, al her making the so-called SAR group
[20421]. Axabe same time, baptophytes and aryprophiyies
generally appeared ogether, albat with les suppoit and
only when relatvaly large alignments are wsed [21-24].
Bmed on congroen phistd and muclear data, these were
propesed 1o be a second deromahealate lineage, Hacrobia
[25]. Onser lincages thal were not originally induded in
e ¢l alvenlate hypothesi lm-.mu.bmx mggm-.d 1o
be members o [H: Bia (namely 12l

karablepharnids, pioobiliphytes, Mnmmnmand mppumr
maddy, but the support for these 15 vanable, and typically
few data are avalable, from only a single reprasamative of
these lineages [22,25-32].
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Umnepus
Eubacteria
Archaeplastida

SAR

(Stramenopiles +
Alveolates +
Rhizaria)

Excavata
Incertae sedis

OTtpensr BOAOpOCeU
Cyanophyta
Glaucophyta
Rhodophyta
Chlorophyta

Charophyta
Ochrophyta
Dinophyta
Chlorarachniophyta
Euglenophyta
Cryptophyta
Haptophyta
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Umnepus

Unikonta

Excavata

SAR
(Stramenopiles +
Alveolates +
Rhizaria)

Otaenu:
rpubos

Chytridiomycota
Zygomycota
Glomeromycota
Ascomycota
Basidiomycota

"Deuteromycota”

OTpenbr
cNn3eBUKoB

Myxomycota

Dictyosteliomycota

Acrasiomycota

Plasmodiophoromycota

Otaens:
ncesaorpubos

Oomycota
Hyphochytridiomycota
Labyrinthulomycota
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International Code of Nomenclature for algae, fungi, and plants (Melbourne Code) adopted

by the Eighteenth International Botanical Congress Melbourne, Australia, July 2011

€HAPTER Ill. Nomenclature of taxa according to their rank
SECTION 1. Names of taxa above the rank of family
Article 16

16.1. The name of a taxon above the rank of family is treated as a noun in
the plural and is written with an initial capital letter. Such names may be
either (a) automatically typified names (Art. 10.7), formed from the name of
an included genus in the same way as family names (Art. 18 1; but see Art.
16.4) by adding the appropriate rank-denoting termination (Art. 16 3 and
17.1), preceded by the connecting vowel -o- if the termination begins with a
consonant; or (b) descriptive names, not so formed, which may be used
unchanged at different ranks.

Ex.1. Automatically typified names above the rank of family: Lycopodiophyta, based on
Lycopodium; Magnoliophyta, based on Magnolia; Gnetophytina, based on Gnetum;
Pinopsida, based on Pinus; Marattidae, based on Marattia; Caryophyllidae and
Caryophyllales, based on Caryophyllus; Fucales, based on Fucus; Bromeliineae, based on
Bromelia.

Ex.2. Descriptive names above the rank of family: Anthophyta, Chlorophyta, Lycophyta,
Parietales; Ascomycota, Ascomycotina, Ascomycetes; Angiospermae, Centrospermae,
Coniferae, Enantioblastae, Gymnospermae.

16.2. For automatically typified names, the name of the subdivision or
subphylum that includes the type of the adopted name of a division or
phylum, the name of the subclass that includes the type of the adopted
name of a class, and the name of the suborder that includes the type of the
adopted name of an order are to be based on the same generic name (see
also Art. 16.4) as the corresponding higher-ranked name.

Ex.3. Pteridophyta Bergen & B. M. Davis (1906) and Pteridophytina B. Boivin (1956);
Gnetopsida Engl. (1898) and Gnetidae Cronquist & al. (1966); Liliales Perleb (1826) and
Liliineae Rchb. (1841).

16.3. AutopatiCally typified names end as follows: the name Ofadivision or
ends in -phyta, unless it is referable to the algae or fungi ifNghich
g#€ it ends in -phycota or -mycota, respectively; the name of a subdivishs
gr subphylum ends in -phytina, unless it is referable to the algae or fungi i
hich case it ends in -phycotina or -mycotina, respectively; the name of a
lass in the algae ends in -phyceae, and of a subclass in -phycidae; the
ame of a class in the fungi ends in -mycetes, and of a subclass i
sgtidae; the name of a class in the plants ends in -opsida, and_#

accordance = A be
T ———— —

e

16.3. Automatically typified names end as follows: the name of a division or
phylum ends in -phyta, unless it is referable to the algae or fungi in which
case it ends in -phycota or -mycota, respectively; the name of a subdivision
or subphylum ends in -phytina, unless it is referable to the algae or fungi in
which case it ends in -phycotina or -mycotina, respectively; the name of a
class in the algae ends in -phyceae, and of a subclass in -phycidae; the

name of a class in the fungi ends in -mycetes, and of a subclass in
-mycetidae; the name of a class in the plants ends in -opsida, and of a
subclass in -idae (but not -viridae). Automatically typified names not in
accordance with these terminations or those in Art. 171 are to be
corrected, without change of the author citation or date of publication (see
Art. 32.2). However, if such names are published with a non-Latin
termination they are not validly published.

otaen/phylum - phyta -
nogotaen/subphylum\: phytina -
knacc/class - phyceae - phyceae
noaknacc/subclass - phycidae - phycidae



TTonoxeHue 3ykapuoTHLIX "HU3WUX pacTeHUr'"' B Makpocucteme
opraHuyeckoro mupa (no: Adl et al., 2012)

cynep-rpynnsl

rpynnbl

rpynnbl U OTAentl "HU3WKUX pacTeHUunn'"

Opistokonta

rpubnr (Chytridiomycota, Zygomycota, Glomeromycota,
Ascomycota, Basidiomycota)

Amoebozoa

cnusesmku (Myxomycota, Dictyosteliomycota)

Archaeplastida

sopopocnm (Glaucophyta, Rhodophyta, Chlorophyta,
Charophyta)

SAR

Stramenopiles

sopopocnu (Ochrophyta);
ncesaomuuethr (Oomycota, Hyphochytridiomycota u
Labyrinthulomycota)

Alveolates

soaopocnu (Dinophyta)

Rhizaria

sopopocnum (Chlorarachniophyta);
cnusesuku (Plasmodiophoromycota)

Excavata

Discicristates

sopopocnu (Euglenophyta):;
cnusesuku (Acrasiomycota)

Insertae sedis

sopopocnu (Cryptophyta, Haptophyta)
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