Hateroenceus fiomensis SAG BI5-5
Helameoccus chodstll SAG 8353
Hatsrococous casspitisis SAG B35-2a

Chiosllidium tetrshotys SAG 5.00
Eolryopsis
Mischococous sphasrocephalus UTEX 150
Pasudnplsurochlors snissctics SAG 39.98
Batrydopek calbss SAG 3083
Tabonems segusts UTEX 50
Bumileriopals fiformis SAG BI0-2
Batrydivm granulatum NIES-822
Vauchania likves
Vaweheris burssls
Clhey s hismglyphics K 0365
Aumsarens cruckis NIES-1853
LU} [ Auresens sp. COMP 1538
Aumarans sp. COMP 1618
Auresrens crucisls NIES-1864
Ph hizochiamys mucoss COMP B35
Phasotanmion confervcola COMPB3T
4608 Laminaris dgbafs CHUK PLOOZ
k]

Fueus vesicidosys GNLIK PRO0Z2

Desmarestis virkdis CNUK PDO0S
Sphacslsis
Ishige okamuras CHUK PEODS
gg'r1 Charisfocs P fenellus

I— Schiroclsdls J&CJ‘I.’&«EJ& COMP 2267

0 - Girsudyopsls slelliisrs COMP 1308

L Giraudyopsissp. COMP 1688
Hetsmaiyms sksahivo NIES-23
100 | Heismsigme skashino CCMP 1595
Haterosigms akashino COMP 452
Chaffonells subsalss COMP 217
Chatlonells msring CCMP 2040
Haramaonas dimovpha NES-T16

2a063 | Nemochloropsls sskrs EUS-0M
Nammochiorpais sp. ECO08
_ﬂ” ‘Wrius-nmnkm,ws oculsts COMP 525
; Monodus unipsplls SAG B.83

e Vischers helvstics UTEX 49
F Vischeris stallats SAG 33 .63
1L Evsigmalos magnrus COMP 367

%N 0=

7 Gk}mr:ssﬂzaﬂzymkssﬂ COMP 1537

a0
el oy idosus CCMP 114
1] Fhasomanas parvas COMP 2877
LI Pinguiochysis pyriformis PP 301
|

Polypodecivysis isissis ADBDS
Sereincehsysis sp. COMP 770
Sarcinochrysizsp. A11,551
Ssmhochysis sp. COMP 1654
Sarefnochrysis sp. A11,864
Cheysorsinharda giraudid COMP 2340
1001 [ Aursoumbrs lsgunensis CCMP 1510

01— Msmdslis sguatics CCMP 3153
L Momialis miculsis COMP 3154
Msllomonss cavdsts AKG

81
:WFI__EM paterssrd KNU 01
Ocheomonss distigms AT 25
10w B Ochromonas lubsrcwlats COMP 1881

Chamiding nabidloss

Hitberds magna CCMP 453
Synchnome grande GOMP 2876

Aursoumbes lagunensis CCMP 1507

Palagamonas eslcanlsts COMP 1214
Pelagocoscus subviddis COMP 1429

Aurspeoocys anophageferans COMP 1084

Ankylochy sl lutss RCC-296
Apzdnella spiniiers COMP 1767
Pesudnpadingla slastcs COMP T16
Pawobpedkm sp. COMP 1478

Rhizochnomuling sp. CCMP 237
Digtyochs spewum CCMP 1331

s 5p. CCMP 3082
Al Rhizochromuling zp. GOMP 1243
1o0A Rhizoclvomeling merins CCAP 25001

Bscleroaia bathyomphals NBO4-BR
Skslatonems marino
Thalsssinsirs pesudonsna COMP 1335
Thalsssizairs conferls KMCC-B-020

Asterionallopsis glacials KMGC-B-258
Phssodsclyium comutum

1004 —— Boldamavas medlamsaes COMP 1367

L Bolidomonas pacifics COMP 1886

Chastoesns digemus KMCG-B-170

3

]

1 Schizocladiophyceae
_] Chrysomerophyceae 2

il Synurophyceae<:|
3 Synchromophyceae <

j Bolidophyceae

Xanthophyceae

Chrysomerophyceae 1

Aurearenophyceae

PX clade

Phaeothamniophyceae

Phaeophyceae

Raphidophyceae

Eustigmatophyceae <:

Chrysophyceae
Pinguiophyceae <:|

Pelagophyceae

Dictyochophyceae

Bacillariophyceae

Yang et al. 2012




Summary diagram of phylogenetic relationships among the
classes of photosynthetic heterokonts
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Ochromonas ‘ Phaeothamnion

% Vischeria Heterosxgma 3 pifz;:;-a So.d. 8 4 3
E.’ D .\; ) ’
Synurophyceae (4]2) % J R

\ Synchromophyceae (7) Raphldophyccac (40)
Chrysoph
% Eustigmatophyceae (107) SoP yceae Chrysoparadoxophyccac (¢))

; vt‘j." Pinguiophyceae (5) Aurearenophyceae (1) {
y (,hrysomerophyceae ®) |
4 / Bacﬂ]anop ceae Phaeothamniophyceae Characiopsis,
y 4 (diatoms, lg,OIZ) (31)
“ Pleurosigma Xanthophyceae (694)

Schizocladiophyceae (1) 8§ A\

Vaucheria

Bolidophyceae (18)
Dictyochophyceae (136)

4 Phaeophyceae
Pelagophyceae (25) C__ ——m SII * (brown algae, 2,051)
= SIII \SI
“Nod Diatomista %
Chrysista

Fucus
Sarcinochrysis

(Bringloe et al, 2020)




Raphidophyceae

Ch a and c, fucoxanthin (marine)

four membranes of chloroplast

tinsel anterior flagellum + naked posterior flagellum
pyrenoids only in marine species

reserve substances oil, chrysolaminarane

Gonyostomum

A after Smith (1950)
B,C © Y.Tsukii, see http://protist.i.hosei.acjp/Protist_menuE.html




Gonyostomum semen 50-100um
freshwater species

! —1\; : A ‘
R g ; o ¥
Ry ¥ e “'4,"‘5\';‘;’;. & &

lakes and ponds rich in humic
acids, invasive

Daphnia magna
— solely predator

migration, predators infomol.
trichocysts, mixotrophy, resting cysts, lysis of enemies



Life cycle of Goniostomum semen

o> & & 6242 cellg@ith vegetative cell
- — size and wtlOr without the same
Hnlngamctci.
T~ Division 1 shape

Division 2 \ f ”'(__-'
‘4

<= Germination

~ Germling \

Asexual R "
10-20 min; 2 |dent|cal ceIIs eycle RW;E& ostN
', size of mother cell / " \Fn:}fhtmcm
Division 2 "s germlnated in 24-48 h A Sexual
~ ” cyele
\( S - Zygote
2C
Fusing

Heterogametes
gamete

cle 24
2C ? D C pait E@ Fusion
X 7\

(Figueroa et Rengefors, 2006)



Freshwater species

_flagellum
j contractile vacuole

o
( i

muciliferous bodies Vacuolaria



Fibrocapsa japonica (M)

{?J —<Hanamonas spp. (M)

'

Psammamonas australis (F)

(2)(3) — Vacuolaria virescens (F)

+ + —— Gonyostomum semen (F)

Merotricha bacillata (F)
(1) (2)

* Chlorinimonas sublosa (M)

Viridilobus marinus (M)

Heterosigma akashiwo (M)

Marine raphidophytes
ichthyotoxic

Chattonella spp. (M)

Fig. 7 Schematic diagram depicting the evolutionary relationships between raphidophyte genera
based on SSU rDNA phylogenies (see text). (M) marine species, (/) freshwater species. (/)
Indicates gain of sand-dwelling habit. (2) Indicates loss of fucoxanthin and gain of diadinoxanthin.
(3) Indicates gain of freshwater-dwelling habit

https://www.sciencephoto.com/media/921376/view/gonyostomum-semen-algae-light-microscopy-footage




Marine species
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v ) Brevetoxin - neurotic shellfish
I\ 4 ( A  poisoning
Satellite images showing Chatonella

: ™ 3
1 :Dfnmarl%
. :} _,L verruculosa bloom outside the Norwegian
{ f,{f and Danish coasts, May 1998 and
1 Chattonella sp. cells.
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Chatonella
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Marine species

wide salinity tolerance, surviving in continuous

darkness (up to 15 weeks), heterotrophy, resting
cysts

virus (HaV01) tested against H. akashiwo bloom
(Nagasaki, 1999)

dispersion in
balast tanks??




., Marine species

Fibrocapsa japonica

Ichtyotoxicity: ejection of mucocys S (clogging of fish gills); production of
ROS (inducing gill asphyxia) and haemolytic compounds




Brevetoxins — neurotic shellfish poisoning

reduction of the heart rate - less oxygen to the gills - hypoxy




Eustigmatophyceae

Louise Lewis -Biotic Crust Project



mailto:louise.lewis@uconn.edu

General characteristics

class established in 1971, by separation from
Xanthophyceae

differences in submicroscopical structure of zoospores
and vegetative cells (pyrenoid)

only asexual reproduction
freshwater, soil, some species In seawater

R I G\
.‘,b > - . '; -~ : I.k. f : ~ &
- ’ ..’ e : . . .V ! " ;
é S |
3 -
(’ \ .



Zoospores

« 1 or 2 flagella (1 pleuronematic), 2 basal bodies

.—= Pphotoreceptor,
‘E==- big stigma




Plastids

* single plastid (x Paraeustigmatos), only Ch a,
yellow-green color,

* 4 membranes
* no girdle lamella




Plastids




Pargeustigmatos columelliferus CAUP Q 701 MK281413 Paraeustigmatos
Uncultured eustigmatophyte clone PRS2_3E_43 GQ330585

- Pseudotetraedriella kamilloe SAG 2056 EF044311 Pseudotetraedriella
%1, Monodus gurtulo CCALA 826 KFB43927

Monodus sp. CAUP D 901 KF848926

. Monodus unipapilla SAG 8,83 AM490827 Monodopsis
2 Monodopsis subterranea UTEX 151 U41054

s | Microchloropsis salina MBIC 10063 AB183586 ) )
Microchloropsis gaditana MBIC 10418 ABO52271 Microchloropsis
g‘{“ Nannochloropsis oculata CCMP 525 AF045044

o Nannochloropsis oceanico MBIC 10050 AB183587
h- Nannochloropsis limnetica SAG 18.99 AF251496
®L nannochioropsis granulfata MBIC 10054 AB183582
Chlorobotrys regularis CCAP 810/1 XF8438934

¢ Vischerio heiverica UTEX 49 AF045051

+ Vischerio vischeri UTEX 310 FI358973

Vischeria polyphem CAUP Q 102 KF848922 Vischeria
Vischenia stellota SAG 33,83 KF848919

anschena punctata UTEX 86 FJ858971

™l Vischerio magne CCMP 387 U41051

— Unidentified eustigmatophyte SAG 2217 KY271667

Dioxys sp. ACOI 2029 KY271650

Pseudocharaciopsis minute UTEX 2113 U41052

“H Characiopsis saccata ACOI 481 [SAG15.97) KF848925

2[ Characiopsis longipes ACOI 1838 KY271647

i3

Nannochloropsis

Characiopsis ocuta ACOI 456 KY271644
Characiopsis ocuta ACOI 1837 KY271646
J(‘hlorobotrys gloeothece ACOI 1114 KY271649
| Chlorobotrys requloris ACOI 307 KY271643
of L Uncultured eustigmatophyte clone PRS2Z_4E_40 GQ330586 St
Chiorobotrys regularis ACOI 1089 KY271648
BogD 9/21 T-2d KF757230
14 as; Mary 6/3 T-1w KF757240 Clade la
wo] —Mary 8/18 T-4d KF757239
Tow 8/18 T-6d KF757249
Pseudellipsoidion sp. Beav 4/26 T-6w MN389520
Pseudellipsoidion sp. WTwin 8/18 T-5d KF757254
! Pseudellipsoidion sp. Tow B/18 T-12d KF757250 Pseudellipsoidion
Pscudellipsoidion sp. Tow 9/21 P-2w KF757253
o Pseudellipsoidion sp. Mary 8/18 T-3d KF757238
Pseudellipsoidion edophicum CAUP Q 401 KF848933
w0 Characiopsiella minima ACOI 2423A MN389512 Characiopsiella, gen. nov.
Characiopsiello minima ACOI 2426 MN389511
Neomonodus sp. ACOI 2437 MN389516
10| Neomonodus ovolis BCCO_30_2918 MN389519
Neomonodus ovalis BCCO_30_2917 MN389518
Neomonodus ovalls CAUP Q 302 KFE48332
o ' Neomonodus sp. CAUP Q 301 KF848931
\Munda aquilonaris ACOI 2424A MN389514
.(.-,!Munda oaquilonaris ACOI 24248 MN389517

Amaral et al. 2020 J PhyCOl ﬂgMn.mdamzc.dlonan'sACOl 2424 MN389513
' ’ 'Munda sp. ACOI 2428 MN389515

Neomonodus, gen. nov.

Munda, gen. nov.

Monodopsidaceae

Eustigmataceae group
Chlorobotryaceae

Neomonadaceae, fam. nov.
(former Pseudellipsoidion group)

Neomonodontaceae

Eustigmatales

Eustigmatales



Goniochloridales

¥ ‘Microtalis aquatica’ CCMP 3153 HQ710564
w, “Trochydiscus minutus CCALA 838 HQO07250
1 Eustigmatophyceae sp. Tow 2/24 P-2d KF757247
| *Trachydiscus sp. LCR-Awa 9.2 KM014457
"
5|

P‘Eusﬁgmatophvccac sp. Tow 8/18 T-4w KF757251

Clade lla

“ Yetroedrielo subgloboso CAUP Q 601 KX373531
Eustigmatophyceae sp. Tow B/18 T-8w KF757252
“— Eustigmatophwyceae sp. Itas 9/21 S-8w KF757235
1ot Goniochloris sculpta ACOI 1852 KY271652
* Goniochloris sculpta SAG 29.96 FI858970
Eustigmatophyceae sp. Itas 8/18 S-5d KF757234
Eustigmatophyceae sp. Mary 8/18 T-4w KF757241
" Goniochloris mutico ACOI 1360 KY271651
e Uncultured eukaryote clone KRLOZEES KC315827
“~Uncultured eukaryote done KRLOSE22 KC315840
Eustigmatophyceae sp. Wiwin 8/18 1-15d KF757255
if Eustigmatophyceae sp. Tow 8/18 T-2d KF757248
ol ' Eustigmatophyceae sp. Mary 8/18 T-2d KF757237
Vacuoliviride crystalliferum NIES-2860 LCOD4696
~ Eustigmatophyceae sp. Plc B/18 T-15d KF757244
Eustigmatophyceae sp. Itas 9/21 5-11w KF757236
Goniochioris tripus ACOI 1855 KY271653
10f Tetroedriello verrucoso ACO| 1374 KY271661
~ Goniochloris smithii ACO! 1859 KY271654
wor Tetraednella tumidula ACOI 1372 KY2716€0
Tetraedrielia tumidwlo ACOI 1229 KY271659%
Pseudostaurastrum enorme SAG 11.85 EF044312
wor— Psevdostaurastrum imnaeticum ACOI 1860 KY271655
1 Pseudostaurastrum sp. ACOI 2428 KY271658
{ Pseudostourastrum enorme ACOI 2026 KY271656
‘qui Pseudostaurostrum limneticum SAG 14.94 EF044313

- Pseudastaurastrum sa. ACQI 2027 KY271657

Clade lIb

Clade lic

Pseudostaurastrum

Amaral et al. 2020 J. Phycol

Clade Goniochloridales

Fig. 2 a.Strain Mary 8/18 T-4d (Clade la) with
refractive granules (left) and zoospores (right).
b. Strain Mary 8/18 T-4w (Clade IIb), vegetative
cells in clumps. c. Itas 8/18 S-5d (Clade Ilb),
angular vegetative cells similar to Goniochloris.
d. Pic 8/18 T-15d (Clade lIc). e. Pic 9/21 T-1d
(Clade lic) vegetative cells. f. Chic 10/23 P-37w
(Clade lla) vegetative cells, with cell wall
sculpting shown on the right. g. WTwin 8/18 T-
15d (Clade lic) vegetative cells with highly
refractive granules. Scale bars = 10 um

Fawley & al. 2014 J. Appl.
Phycol.




Paraeustigmatos columelliferus — freshwater, isolated from
Zygnema mats, small cells (3.7-7.8 um), multiple plastids, reddish
globule, lamellated vesicles, zoospores not observed

sister group to all Eustigmatales




Eustigmatales - Monodopsidaceae

Nannochloropsis/Microchloropsis — picoplankton in surface

e # oOceans, EPA
.L_//.\,/.‘

- mg’ 37 ¢ Z _; ' Decreases blood preasure, suppresses
2012 nuclear genom€ sequenced M. gadltana T Schizophrenia symtoms



http://upload.wikimedia.org/wikipedia/commons/2/2e/Eicosapentaenoic_acid2.png
http://en.wikipedia.org/wiki/File:R%C3%B6ding,_Iduns_kokbok.jpg

- Monodus subterranea UTEX 151 U41054
Monodus unipapilla SAG 8.83 AM490827 HQ710608

Nannochloropsis/
Microchloropsis

80/92

/97 — N. "maritima™ AY680703 AY680702

_[— N. oceanica var. sinensis SC-2012 JX913538 JX913540
N. oceanica MBIC10090 AB052273 AB052281

N. oceanica MBIC10176 AB052274 AB052282

N. oceanica CS-179

N. oceanica CS5-246

| N. oceanica MBIC10426 AB052276 AB052284

89/100

N. oceanica MBIC10440 AB052277 AB052285
N. oceanica CCMP531 U41094 KC598090
N. oceanica MBIC10179 AB052275
100/100 | Nannochloropsis australis CS5-759
Nannochloropsis australis C5-416
100/98 | N. granulata MBIC10054 AB183582/AB052272 AB052280
N. granulata CCMP529 U41092 KC598085
N. limnetica CCMP505 U41050 KC598089

100/100

100/100

78/86

100/100

80O/71

N. limnetica var. limnetica AS3-9 DQ977726 DQ977741

172/73! N. limnetica var. limnetica SAG 18.99 AF251496 AM421006

N. limnetica var. dystrophica Tow 2/24 P-1w DQ977728 DQ977736
N. limnetica var. globosa JL2/4-1 DQ977727 DQ977734

100/100

100/100 | N. oculata CCMP525 AF045044 KC598087

s

N. oculata CCMP533 AF045045 AF015578

M. gaditana CCMP527 AF045038 KC598084
1007991 M. gaditana MBIC10118 AB052269 AB052279
4| M. gaditana MBIC10123 AB052270 AB052734

M.gaditana MBIC10418 AB052271 AB052735 | Microchloropsis gen. nov.

-~ 5 changes

Fawley et al. 2015

M. salina CCMP537 AF045049 KC598088
M. salina MBIC10063 AB183586 AB052287
97/95|' M. salina CCAP849/2 AF045046 AB052288

M. salina CCMP369 U41094 AF015576




Charatiopsis

sis pyriformis ACOI 1836 Characiopsis pernang ACOI 2433

?

@ @

Characiopsis longipes ACOI 1833_9 Characigpsis acuta ACOI 1837

// 42\
"‘-:\’

Characiopsis minuta ACOI 2423 Characiopsis minutissima? ACOI2427A  Characiopsis Iongipes ? ACOI 24388
LA o ECLRL A ACOI 2434

Chlorobotryaceae
Stipitated py

Ch. cedercreutzii? borziana ?

2
Pseudocharaciopsis ovalis-related

Charatlop3|ella/Neomonodus
/Munda

Characiopsis anabenae ? gvalis ? ACOI 2437

Characiopsis sp. ACOI 2428

Neomonodontaceae
No pyrenoid




18S rDNA of
Eustigmatophyceae.

BRGS0

Engl‘:l-'il J21 T-2d
Oy— Mary 673 T- 1w
marysaT-ad | Clade la
L Tow B/E T-6d
Eustigmatos magras CCMP 387 LU41051
Vischerig punceata UITEX 153 FIB58972
Vischerio punciara UTEX 86 F1I858971
Chlorideila neglecta SAG 48.84
Eustigmates cf, polyphem CAUP H 4302
Vischena helvetiog BGU-YI0T &R 315068
Chiarideilo simples CCALA 279
Eustigmatos polyphem CAUP O 102
1| Vischerie helvetica CCALA 514
Eustigmarss polyphem SAG 38.84 T01HB807T
Eushgrmangs vischen S0 860-1103 74590
Eustigrmanss wischen LITEX 310 FI853973
Eustigmargs sp. MT-2012 E120 JX 138078
Eustigmarss sp. MT-2012 ES D{1EE0TE
Vischeria hefvetica SAG 8T6-1 1135080
Vischena helvetica UTEX 49 AFD45051

Eustigmataceae
Group

M5

B6DRMD

SR Vischerio stelate 540G 33,83 HOTF10570
J‘:. o Chlorobotrys regular’s CCAP 810011
Peevdocharechapsis mnura UTEX 2113 LMI052
Characlopsis soccata SAG 15.97
Unicultured eustigrmatophyte GO230586
Monodus sebtermaneg KM BUS-04 FAERe2
Manodus subleranea UTEX 151 L 1054
Manodus wiposiia 586 883 AMARIE2T
Moo ios guitula CCALA 826
Monodus sp. CAUP D 907
15 subterranea OCALN B30
Monodus guttela CCALR 828
Monocdus of. guitule OCALA B25
Prewdaterraedrieln kamilloe SAG 20,56 EFO44317
Lncultured eukarpote KC315332
Uncultured eustigmatophyte GO 30685
Mannochlaropsls oculata COMP 525 U38S02
FERang COMF 1662 AFO45041
etk SAG 18 9? .-".l-251-1'36

r':p'".gur"uru BARIC10123 ABI’J';H.-EI
hlaropsis seliva CCAP 84072 AFO45045
'JrlLLI“:'.IrEd phytapdankton JO420104
Mary 818 T-3d
Peerdellipsoidion edaphicum CAUP Q 401
Tow 921 P-2w
Tow 8/18T-12d
WTwin 818 T-58d
Prewdecharaciopsis ovalis CAUP Q 301
100" Pseudocharaciopsis avalis CAUP ) 302
aesans g Shie 10/23 P-37w
Tow BB T-0w
Eustigmatephyceas sp, COMP 3153
Tracfpdisces minures HOM0 7250
Tow 2124 P-2d
Tow 8/18 T-Bw
Has 921 5-Bw

Pseudellipsoidion
Group
Neomonodontace

A5/84/1.100 0554

Clade lla

SE00VIA

0.07 substituierssng

Goniochlons scuilpra FIBSES70
Itas 818 5-5d

Mary 8-18 T-2w Clade llb
Uncultured ewkaryote KC315827
Uncultured eukarpote KC315840
Chic 10/23 P-fw
WTwin 818 T-154d
Mary B/18 T-2d
Pic B8 P-13d
PicBMET-19w
Tow 818 T-2d
Pic8/18T-15d
Itais 6/3 T-Bw

100D

Clade llc

Itas 9/21 S-11w
Picaiap2d
Freudaslaurastium enarme 540 1185 EFD44312

Freugosfauna st Wnnenicun XA 14.94 EF044313

Chlorobotryaceae

Monodopsidaceae

D

Clade Goniochloridales

Eustigmatales

’/‘,‘.\

Fig. 2 a.Strain Mary 8/18 T-4d (Clade la) with
refractive granules (left) and zoospores (right).
b. Strain Mary 8/18 T-4w (Clade IIb), vegetative
cells in clumps. c. Itas 8/18 S-5d (Clade Ilb),
angular vegetative cells similar to Goniochloris.
d. Pic 8/18 T-15d (Clade lIc). e. Pic 9/21 T-1d
(Clade lic) vegetative cells. f. Chic 10/23 P-37w
(Clade lla) vegetative cells, with cell wall
sculpting shown on the right. g. WTwin 8/18 T-
15d (Clade lic) vegetative cells with highly
refractive granules. Scale bars = 10 um

Fawley & al. 2014 J. Appl.
Phycol.




Neomonodus, Munda, Characiopsiella,
Neomonodontaceae Pseudellipsoidion freshwater




Chlorobotryaceae

Eustigmatophyceae sp. WTwin 8/9 T-6m6.8
Characiopsis acuta ACOI| 456

~—— Chlorobotrys sp. FD2

|___ Lietzensia polymorpha gen. et sp. nov.
SAG 2217/SAG 2220

Neustupella aerophytica gen. et sp. nov. CAUP Q 801
Vischeria stellata SAG 33.83
Vischeria sp. CAUP Q 202
Vischeria sp. ACOI 3415

Neustupella aerophytica E4f




Goniochloridales

¥ ‘Microtalis aquatica’ CCMP 3153 HQ710564
w, “Trochydiscus minutus CCALA 838 HQO07250
1 Eustigmatophyceae sp. Tow 2/24 P-2d KF757247
| *Trachydiscus sp. LCR-Awa 9.2 KM014457
"
5|

P‘Eusﬁgmatophvccac sp. Tow 8/18 T-4w KF757251

Clade lla

“ Yetroedrielo subgloboso CAUP Q 601 KX373531
Eustigmatophyceae sp. Tow B/18 T-8w KF757252
“— Eustigmatophwyceae sp. Itas 9/21 S-8w KF757235
1ot Goniochloris sculpta ACOI 1852 KY271652
* Goniochloris sculpta SAG 29.96 FI858970
Eustigmatophyceae sp. Itas 8/18 S-5d KF757234
Eustigmatophyceae sp. Mary 8/18 T-4w KF757241
" Goniochloris mutico ACOI 1360 KY271651
e Uncultured eukaryote clone KRLOZEES KC315827
“~Uncultured eukaryote done KRLOSE22 KC315840
Eustigmatophyceae sp. Wiwin 8/18 1-15d KF757255
if Eustigmatophyceae sp. Tow 8/18 T-2d KF757248
ol ' Eustigmatophyceae sp. Mary 8/18 T-2d KF757237
Vacuoliviride crystalliferum NIES-2860 LCOD4696
~ Eustigmatophyceae sp. Plc B/18 T-15d KF757244
Eustigmatophyceae sp. Itas 9/21 5-11w KF757236
Goniochioris tripus ACOI 1855 KY271653
10f Tetroedriello verrucoso ACO| 1374 KY271661
~ Goniochloris smithii ACO! 1859 KY271654
wor Tetraednella tumidula ACOI 1372 KY2716€0
Tetraedrielia tumidwlo ACOI 1229 KY271659%
Pseudostaurastrum enorme SAG 11.85 EF044312
wor— Psevdostaurastrum imnaeticum ACOI 1860 KY271655
1 Pseudostaurastrum sp. ACOI 2428 KY271658
{ Pseudostourastrum enorme ACOI 2026 KY271656
‘qui Pseudostaurostrum limneticum SAG 14.94 EF044313

- Pseudastaurastrum sa. ACQI 2027 KY271657

Clade lIb

Clade lic

Pseudostaurastrum

Amaral et al. 2020 J. Phycol

Clade Goniochloridales

Fig. 2 a.Strain Mary 8/18 T-4d (Clade la) with
refractive granules (left) and zoospores (right).
b. Strain Mary 8/18 T-4w (Clade IIb), vegetative
cells in clumps. c. Itas 8/18 S-5d (Clade Ilb),
angular vegetative cells similar to Goniochloris.
d. Pic 8/18 T-15d (Clade lIc). e. Pic 9/21 T-1d
(Clade lic) vegetative cells. f. Chic 10/23 P-37w
(Clade lla) vegetative cells, with cell wall
sculpting shown on the right. g. WTwin 8/18 T-
15d (Clade lic) vegetative cells with highly
refractive granules. Scale bars = 10 um

Fawley & al. 2014 J. Appl.
Phycol.




Goniochloridales
Pseudostaurastrum — plankton in freshwater

£ g 1 A 3 5 AR

oligotrophic waterbodies



Trachydiscus

isolated from nuclear power
plant Temelin cooling tower

biotechnologically important
species - EPA (up to 35% of
FA)




Chrysophyceae
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» Differences in flagellar roots from typical chrysomonads are secondary simplifications
caused by movement of the posterior basal body to be parallel to the anterior one and the
cessation of phagotrophy involving root R1, associated with the evolution of autotrophy.

» The absence of chlorophyll c2 is certainly a simple secondary loss.

» Therefore, we no longer even treat Synurales as a separate class.

Cavalier-Smith et Chao 2006

Andersen, 1987
Synurophyceae

Fig. 2. -H Chara istic features of the Synurophyceae (A)

] an families Paraphysomonada-
ceae (B ) and Chromulinaceae (C). (Preisig & Hibberd
1986).

Fig. 2.42. Flagellar root systems in the Chrysophyceae (c )
and in the Synurophyceae (f). (Andersen 1987). NB: The
numbering of the roots has later been changed.




Chrysophyceae

Most of the species are unicellular or colonial organisms, mostly
flagellates; almost exclusivelly freshwater

Characteristics:

* Flagella inserted sub-apically

* photoreceptor apparatus (swelling on the short flagellum, stigma
within a chloroplast)

e the transitional zone of each flagellum contains a ,,transitional helix
» golden-brown chloroplasts (ch a, c,), chlorophyll masked by
fucoxanthin

» the chloroplast DNA arranged in ring-shaped nucleoid

» silica-walled stomatocysts formed endogenously within the SDV;
some genera covered by silica scales

* open mitosis, the spindle is formed between two rhizoplasts

(14



Nutrition

Mixotrophy — photoautotrophy combined with osmotrophy or
phagotrophy or heterotrophy (some species aplastidic)

nutritional opportunists — switch between photoautotrophy, mixotrophy, and
heterotrophy

Spumella — strict phagotroph, cannibalism

Ochromonas, Uroglena — obligatory phagotrophic and photoautotrophlc (light is
necessary) =

Dinobryon — facultatively phagotrophic

Poterioochromonas - strong tends toward

photosynthesis




Chrysophyte nutrition

Metabolic costs of mixotrophy

lower growth rates Phagotrophy — main role in oligotrophic

lakes, where dominate chrysophytes

Pseudopodia and food Primary consumers of prokaryots (e.g.
vacuoles formation Dinobryon 3 bacteria/5min)

metalimnetic growth (7m)

consumption of bacteria (remove
microorganisms that would compete for the
same nutrients) more efficient than
crustacea, ciliata and rotifera together

high requirement for iron (esential for
cytochrome)

(b, ¢) Ochromonas granularis (d) O. danica. Phagotrophy
PS — pseudopodium; VCHR — chrysolaminaran vacuoles; FC — secondary vacuole; CH

— chloroplast; FP — food particles



Chrysophyte nutrition

(d) (€ ' 0
Fig. 3.3. The feeding basket of Epipyxis, ready for the prey

which is being manipulated by the flagella. (Andersen & Fig. 3.4. Feeding process in Epipyxis (Moestrup & Andersen
Wetherbee 1992). 1991]1).




Fig. 3.5. Digestion vacuole in Dinobryon, containing
bacteria and remnants of Synura scales. (JK).




Bloom formation

Uroglena volvox — toxic fatty
acids that affects fish

Uroglena, Dinobryon, Synura —
aldehydes and ketones (n-heptanal,
2,4-heptandienal) — taste and odour of
drinking water
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Sexual reproduction

known in only few
members

(e.g. Kephyrion,
Chrysolykos,
Dinobryon)

Izogamy
Dinobryon — feromones -

atractants, male and female
colonies

Fig. 1.29. Sexual reproduction in Dinobryon. (Sandgren 1981).



Haploid mitosis Diploid mitosis

>*\
N’

Meiosis

Alternating nuclear DNA content in chrysophytes
provides evidence of their isomorphic haploid-
diploid life cycle

(Certnerova et al. 2022)



microfibrilar nature of the lorica
Poterioochromonas

L oricae

Poterioochromonas

not connected with PM

fluorescence
stain -
Calcofluor white




| oricae K& Dinobryon divergens

(C)

lorica in TEM , ..

D. bavaricum
ATTAN
9 yL yL ! ":3'-‘ A

D. similis

Dinobryon divergens forming a lorica - 2
phases (nonrotative/rotative), cell shape




Stomatocysts (statospores)

stoma =mouth

1 um

-

10 pmJ

VCHR

N

Ochromonas fragilis

silica-walled stomatocysts formed
endogenously within the SDV

cytoplasm outside degenerates, the pore is
closed by a plug

stomatocysts —bottom sediments of lakes,
survive for decades




Stomatocysts

Stomatocysts in SEM. Morphotypes
defined on surface structures (papilae,
ridges). Morphotypes are described
according to International Statospore
Working Group (ISWG) guidelines and
defined by numbers.

asexual or sexual reproduction

stomatocyst formation trigger??
cell density, production of chemical
Inducers, mass B

stomatocyst germination and
excystment

)

continually small numbers

2pum 10000X

N



Stomatocysts 2-30 um

Fossils back to lower Cretaceous (150 MY)

structually distinctive — deduction of environmental
conditions at the time of sedimentary deposition

calibration sets
ancient samples-sediment coring devices
acidification, eutrophication, shifts of climate

Atlas of chrysophycean cyst | and Il
— Y e i
Atlas of Atlas of
Chrysophycean | Chrysophycean
CyStS el C_yStS iy
Volume B | | 8
e, el B
&f)j/ ey || (A s i
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Ochromonas
over 125 described
species

polyphyletic

Determination
complicated,
stomatocysts may help

Ochromonas triangulata.

e

Andersen et al. 2017

the type species for a genus, was collected for only the second time, again
from the type locality - Lake Veysove, a salt lake in the Donetsk region,
Ukraine.




"_°°"“"°°_.{ ———— Chlorochromonas danica SAG 933-7 (J0281514 JQ281514)
"Ochromonas perlata® CCMP 2732 (EF165143 EF 165187)

P us Zt al et 1001100100 — "Ochromonas vasocystis" CCMP 2741 (EF 165111 EF165184)
< —— Poteriospumella lacustris SAG 2323 (AY651074 -
S k a I ou d 2 0 1 9 100100400 — Spumella-like fiageliate JBNA46 (0Q388542 -)
. M: Poterioochromonas cf. malharmensis SAG 933-1C (EF165114 EF165169)
| Potericochromonas cf. stipitata CCMP 1862 (AF123295 EF165172)
Acrispurnelfa msimbasiensis SAG 2427 (AY651077 -)
10095100 r— Urostipulosphaera sp. CCMP 2768 (EF165132 -

120, L Urostipulosphaera sp. U7-1 (MK153245 MK153259)
1.00:87/00 Urostipulosphaera sp. U5-5 (MK153246 MK153260)
Urostipulosphaera notabilis U12-1 (MK153247 MK153261)
Urostipulosphaera sp. U10-6 (MK153248 MK153262)
Urostipulosphaera sp. UP-34 (MK153249 MK153263}
Ochromonas-like flagellate CCMP 2761 (EF165126 EF165200)
Spumella-like flagellate JBM28 (AY651089 -)

£ 09R/100 Spumella facusvadosi SAG 2434 (AY651088 -)
_'L_CSpumeﬂa bureschii SAG 2433 (AY651086 -)
0.97/63/100

Spumella vulgans SAG 2322 (0Q388552 -)

1.00/100/100  Dinobryon cylindricum CCMP 2766 (EF165140 EF165157)
= Dinobryon cf. sociale CCMP 392 (EF 165141 EF165158)

Kephyrion sp. CCMP 3057 (JF730878 -
Melkoniana moestrupii CCMP 1278 (U42382 EF 165174)
Melkoniana sp. CCMP 581 (AF123302 EF165176)
Epipyxis aurea CCMP 385 (AF123301 EF 165155)
Epipyxis pulchra CCMP 382 (AF123298 AF015571) OCh romonadales
Chrysolepidomonas dendrolepidota CCMP 293 (AF 123297 AF015570)
Chrysonephele palustris (U71196 -)

1 0075100 00100100 Uroglena volvox U26-3 (MK153236 MK153250)
'—E Uroglena sp. U29-5 (MK153237 MK153251) Uroglena
100921100 Uroglena sp. UK-37 (MK153238 MK153252)
I_vg’;@_an——()cfzrmronas triangulata AC-25 (EF 165136 EF165177)
QOchromonas sp. CCMP 592 (EF165135 EF165201)
m{—- "Ochromonas marina" AC-22 (EF165138 EF165203)
"Ochromonas sp." CCMP 1149 (EF 165139 EF165202)
1,0058/100 "Ochromonas villosa™ CCAP 933/25 (FR885768 -)
_{:}iedospumelfa encystans SAG 2324 (AY651083 -)
Pedospurnelfa sinomuralis SAG 2431 (AY851081 -)

0091t Ochromonas-like flageliate CCMP 1393 (EF165142 EF185314)
] _m(——OChromonadaceae sp. CCMP 2298 (EU247838 -)
osarioor- Uroglenopsis sp. UJ-6 (MK153239 MK153253)
Uroglenopsis sp. UK-25 (MK153240 1MK153254)
Uroglenopsis turfosa UN-28 (MK153243 MK153257)
Uroglenopsis turfosa UK-81 (MK153244 MK153258)
Uroglenopsis ¢f. americana CCMP 1863 (AF123290 EF 165179) Uroglenopsis
Uroglenopsis cf. americana CCMP 2768 (EF 165131 EF165178)
rooen00 § Uroglenopsis americana UK-4 (MK153242 MK153256)
Uroglenopsis sp. FU44 (EU024983 -)
Uroglenopsis sp. U19 (MK153241 MK153255)

1.0085100

Urostipulosphaera gen. nov.

1.0097/100

1.0076/400 1.00772/100

10073100
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rounded cell
posterior

Uroglena

Uroglenopsis

Urostipulosphaera

thick
articulated
gelatinous
stalks,
merging in
the center




Uroglena

Colonial, uneven heterocont flagella.
Cells on the surface of the colony.
Bloom forming species — water taste
and odor problems.

cells possessed pointed cell posteriors
that continued as thin, probably
cytoplasmic, threads




o 7 I“j.‘ ':';
20 um - & "‘g.‘ '{f

“*" Uroglenopsis turfosa

e Uroglenopsis

No branching system of any radially
arranged thin cytoplasmic threads or

thick gelatinous stalks was observed

late summer, especially in lakes
of higher alkalinity

Jason Oyadomari

TR

Jason



Urostipulosphaera

branching system of thick gelatinous
stalks




Epipyxis

Fig.1.16. Epipyxis utriculus. a: empty loricas on an algal
filament, b: single cell in its lorica, c: lorica construction of
imbricate scales. LM. (Kristiansen & Preisig 2001 ).




Kephyrion sp.

Akvitanie 2010



D. sociale var.
stipitatum

D. crenulatum

D. attenuatum

|

: D. bavaricum
D. sociale var. L
americanum
i

D. divergens

D. cylindricum
. sertularia

J
D. mucronatum
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Poterioochromonas

hemispherical or cone- to goblet-shaped lorica, a
short or long stalk attaching to surfaces; lorica
made up of interwoven microfibrils of chitin, the
cells not attached to the lorica - easily becoming
free when disturbed; 2 unequal flagella, 1-3
chloroplasts (occasionally without chloroplast);
nutrition phototrophic and phagotrophic; often
difficult to identify - cells escaped from lorica are
then indistinguishable from Ochromonas spp.

cannibal; up to 30x enlarge its volume
1




Fig. 3.12. Spumella, the chloroplast has been reduced to a
minute leucoplast (Ip). (Belcher & Swale 1976).

Spumella
Ochromonas -like, colour-less.




FiG. 5. Diagram of the life cycle of Spumella sp. showing (a)
statospore, (b) germination of nonmotile cell through the pore,
(c) cells in the gelatinous sphere, (d) swimming cells escaped
from the gelatinous matrix, (e) giant cell with ingested sibling
cell in the swarm, and (f) encystment of the giant cell.

YUBUKI ET AL « 2008

Cannibalism in Spumella



Chrysosaccales

Ochromonas tuberculata
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Lagynion : Zoospore-

Jason Oyadomari
Epiphytic. Lorica; rhizopodium

SOft'Water | akes Lagynion delicatulum sessile loricate stage with a single rhizopodium from Lake Namunamu, New
Zealand. Electron micrograph from O'Kelly, C., and D. Wujek 2010. Cell structure and asexual

reproduction in Lagynion delicatulun (Stvlococcaceae, Chrysophyceae). European J. Phycol.
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Chromulinales

Chrysosphaerella
Colonial, possesses chloroplast, cells connected by

elongated stipe

http: //5|I|casecch|d|sk conncoII edu/

\..:-q

-\ Ch. brevispina — basal
scale

C. longispina

Chsoshaerella brevzsma

Korsh em. Harris and Bradley



C. longispina

C. brevispina




C. rotundata

Skaloudova et . .
” V98199 chromonas cf. aestuarii (EF165124 EF165175)
SkaIOUd 201 3 Chrysoxys Sp. (AF123302 EF165176)

Ochromonas distigma (EF 165136 EF165177)
Uroglenopsis americana (AF 123290 EF165179)
Ochromonas sp. CCMP 1149 (eF165139 EF165202)
0.99/67/93 Ochromonas marina (Er 165138 £F 165203)
1.00/100/100 Dinobryon cylindricum (€F165140 EF165157)
1.00/91/95 Dinobryon cf. sociale (eF165141 EF165158)
Chrysolepidomonas dendrolepidota (AF123257 AF015570) Ochromonadales
Epipyxis aurea (AF123301 EF165155)
Epipyxis pulchra (aF123298 AF015571)
Spumella obliqua (rJ236860 -)
Ochromonas sp. CCMP 2761 (EF165126 EF165200)
Ochromonas vasocystis (EF165111 EF165184)
1.00/100/100 — Poterioochromonas malhamensis (EF165114 EF165169)
——— Poterioochromonas stipitata (AF123295 EF165172)
M{— Ochromonas periata (EF165143 EF165187)
Ochromonas danica (EF165108 GU935657)
1.00/100/100 — Lagynion cf. ampullaceum (Er 165146 EF165161)
— Lagynion scherffelii (AF123288 EF185162)
Chromophyton cf. rosanofii (EF 165106 EF165164) Ch rysosa Ccales
Chrysosaccus Sp. (EF165121 EF165166)
Ochromonas tuberculata (AF123293 EF185315)

1 ow{:— Chrysamoeba mikrokonta (AF123287 EF165182)
1.00/99/100 Chrysamoeba tenera (EF165102 EF165181)

- Oikomonas mutabilis (u42454 -)
0.93/64/95 Chromulina nebulosa (AF123285 AF155876) .
1.00/99/99 1 c«jsmo.‘moE Chrysosphaerella brevispina (4549059 HG315744) Chromulinales

Chrysosphaerella rotundata sp. NOV. (HG315742 HG315743)
1.00/1001100 r Chrysosphaerella sp. "summer” (EF185316 -)
1 gcngmgoLLChrysosphaereHa longispina (HF549060 HF549072)
Chrysosphaerella sp. "winter" (- £F185313)

-~ Phaeoplaca thallosa (AF123296 EF165160)
_' E Hydrurus foetidus (Fme55256 -) Hyd rura | es
1.00/97/93 Ochromonas sp. CCMP 1899 (eF 165133 EF165159)

1.00/100/100 Chrysocapsa paludosa (eF165145 EF165149)
Chrysocapsa vemalis (EF165105 EF165148)
Hibberdia magna (87331 AF015572)
Kremastochrysis sp. (AF123282 £F165152) Hibberdiales
1.00090/100 Chrysonebula flava (EF165104 EF165150)
Chrysocapsa sp. (EF165130 EF165153)
1.00/83/99 Naegeliella flagellifer (aF123284 EF165154)
0.99/86/94 Tessellaria lapponica (HF549063 HF549074)
Tessellaria volvocina (EF165119 EF165199)
Synura sphagnicola (ura221 GuU325413)
0.98/81/91| 0.91%L Synura mollispina (HF549067 HF549077)
Synura petersenii (GU325588 GU325490)
1.00/100/100 Mallomonas insignis (EF165118 EF165198)
Mallomonas caudata (EF469638 EF469644)
0.94/60/96! Mallomonas alpina (Gu935620 GU935662)

0.99/87/99

1.00/100/100

1.00/93/95 <

1.00/1001100

Synurales

Nannochloropsis limnetica (0Qs77726 DQ977741)
1.00/100/100 Synchroma grande (pQ788730 DQ788731)

Bayesian analysis of Chrysophyceae, based on the combined and partitioned SSU rDNA + rbcL dataset




Paraztyrnmene mperfoats (AF 100124}
e

e Silica-scaled chrysophytes
=t - phylogenetic relations

O nes 5. (EF 105316
Aryscaphearsile ongispims
Chrysoaphoarsils b

Synwa molispine
Symwe svutidentats
v
@ mamoWosa S105.A
Synivs mammitoas $93.C3
— Symora splonaid
Sporm ivede (U2
Synwrs mecracanths
— Symura pefersen e
e Symara pedarsand 1. Sfosrkd

Synurales

} Mallomonas
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(Skaloud et fal. 201




Hydrurales Hydrurus

macroscopic up to 30 cm; palmelloid life
form; growing apically,

Inhabitates strong currents; the peculiar
polysaccharide protecting the alga from
disruption, epilithic

Finse Alpine Research Center Norway
Stram 1926 locus classicus

limestone - karst, cold-water species



Hydrurus

9711.0 Uncultured eukaryote BSR1LCO1 (AY689714)
_|:L_Uncunurea eukaryote clone BSR1LD02 (AY689712)
Uncultured eukaryote clone CLBe4 (HQ230104)
Chrysophyceae sp. I76 clone A1 (EF432525)
Ochromonas sp. CCMP1899 (EF165133) Hydrurus clade

) L Uncultured eukaryote clone 3c-D7 (FN690892)
ﬂr Hydrurus foetidus
Uncultured eukaryote clone JFJ-ICE-Uni-10 (AJ867745)

88/1.0 Uncultured eukaryote (AY180010)
" f— Uncultured eukaryote clone 8¢-G3 (FNB90663)
Chrysophyceae sp. CCCM41 (EF165134)
V&= Chrysophyceae sp. CCMP2296 (EU247834)

Uncultured eukaryote LG18-10 (AY919744)
Uncultured eukaryote clone CCI40 (AY179989)
Phaeoplaca thallosa (AF123296)
Chrysophyceae sp. EK-2010a(FJ971855)

L .eno Chromulina sp. SAG17.97 (EF165103)
_.|85'1 g [ Chrysonebula flava (EF165104)
Hibberdia magna (M87331)

— Chrysocapsa paludosa (EF165145)

Chrysocapsa vernalis (EF165105)
Mallomoenas splendens (EF165147)
Mailomonas adamas (U73225)
Mallomonas striata (U73232)
= Mallomonas matvienkoae (U73227)
—— Mallomonas caudata (U73228)
Mallormonas insignis (EF165118)
Mallomonas rasilis (U73231)
Mallomonas annulata (U73230)
Mallomonas akrokomos (U732289)
710,99 Synura curtispina (EF165128)
—{’ = E Synura spinosa (M87336)
Synura mammillosa (U73220)
[~ Synura glabra (U73224 )
= Synura petersenii (EF165116)
Synura uvella (U73222)
Tessellaria volvocina (EF165119)
r~ Leukarachnion sp. (FJ356265)
b= Uncultured eukaryote clone | 3 22 (AB534476)

Klaveness et al. 2011

Hydrurus complex — not well defined
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Silica scales




Paraphysomonas
/Lepidochromonas

Single cells, no chloroplasts (leukoplasts).
Secondary lost. Connected to the substrate
by a thin stipe or free living.

\g.

5pm

After Croome et al. (1985¢)



Available online at www.sciencedirect.com

Crosetdark SCienceDireC'l' European Journal of
PROTISTOLOGY

European Journal of Protistology 50 (2014) 551-592

www elsevier.com/locatelejop

Scale evolution in Paraphysomonadida (Chrysophyceae):

Sequence phylogeny and revised taxonomy of Paraphysomonas,

new genus Clathromonas, and 25 new species :
Lepidochromonas

Josephine Margaret Scoble™, Thomas Cavalier-Smith

Truncate or rounded or pointed tip

- - Tapered or straight spine shaft plain or
striated

Presence/absence of thickened margin

Presence/absence of inflated spine base

Presence/absence of mid annulus

Plain or perforated or radially ribbed
base

Micrographs of two new species of subgenus
Brevispina: Paraphysomonas segmenta.
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species with

basket scales
Scoble et Cavalier-
Smith (2014)

basal

spine

crown-scales

Lepidochromonas

Diagram illustrating some of the possible relationships between all of the known species of Paraphysomonas. Species with similar scales are
included in groups and subgroups (see text). The scales are not drawn at the same magnification and for those shown in perspective or sectional view
the bottom of the diagram is considered to be proximal. 1 : P homolepis, 2: P. subrotacea, 3: P. circumvallata, 4: P. punctata, 5: P. limbata, 6: P.
runcinifera, 7: P. subquadrangularis, 8: P. undulata, 9: P, ignivoma, 10: P. diademifera, 11: P. butcheri, 12: P cribosa, 13: P. corbidifera, 14:
P. stephanolepis, 15: P. morchella, 16: P. sigillifera, 17: P. canistrum, 18: P. sideriophora, 19: P. cylicophora, 20: P. eiffelii, 21: P. faveolata, 22;
P quadrispina, 23: P. cancellata,, 24: P. poteriophora, 25: P. coronata, 26: P. stelligera, 27: P. corynephora, 28: P. bourrellyi, 29: P. capreolata,
30: P. gladiata, 31: P. imperforata, 32: P. bandaiensis, 33: P. vestita, 34: P. foraminifera, 35: P. takahashii, 36: P acantholepis, 37: P. caelifrica.




Synurales




Molecular age estimate (Ma)
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single living or colonial freshwatwr flagellates -
recently 3 genera:
Mallomonas, Synura, Neotessella (Jo et al. 2016)




Bristles in Mallomonas
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secondary structures???



Stomatocysts




Stomatocysts in SEM




Do they need silica?

; - 2 — . -
4 s % =4 A g 3
¥ 5 b " LB e = LGSR k‘

Sangren et al. 1996

diatoms x Synurales



Scale determination

light microscope Scanning and transmision electron microscope
M. heterospina

Morphology studied by means of TEM or SEM is necessary for the

of synurales species. Scales of some species
may be observed in LM in Pleurax preparations (same as diatoms
frustules)



Silica scale biogenesis
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Turing Model — biological pattern formation

Kernel(x) result guppy  (Kondo, 2017)
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The reaction-diffusion (RD) model (Alan Turing, 1952) is a

theoretical mechanism to explain how spatial patterns form
autonomously in an organism.

Behaviour of a system in which two diffusible substances

Interact with each other - wavelike patterns are the chemical
basis of morphogenesis



Start Calculation || Random Patten || Clear Field KT NiOdel Slllllll'ltOI‘

Constructed by Shigeru Kondo

Shigeru Kondo

2D integration of Kernel =-11.12

12.50
1.06
|

Peak Width of A

Peak Position of A

Amplitude of T

Fourier Transform of Kemel

IS Improved RD model

All these patterns can be made by
KT model or classic Turing model
with some modification




Exocytosis of chrysophyte scales

Synura petersenii
Leadbeater, 1990

Py

Lavau et Werherbee, 1994




Genus: Mallomonas

ca. 180 taxa described. Species differ in size and ecological requirements. However the
main distinguishing chracter provide species-specific silica scales




Scale shape

Bilaterally (or almost) summetric scales. Size and shape differ according to position
within a scale-case. Apical (anterior) - body - caudal (posterior)

posterior
rim

V-rib

posterior



(Jo et al. J. Phycol. 2011)

Fi:. 4. Consensus Bayesian tree of 18 strains of the genus Mallomonas species based upon the combination of nuclear 55U

1.00

1.00
97

1.00
100

1.00

95

100

1.00

89

Vrils Proximal border 1.00

Dome 76

1.00

IEM. asmundiae CCMP1658

M. portae-ferrae Dangha110407B
M. alpina Gungnamji072807I
M. areclata Hengseong120107D

M. elongata Mokji112407C

0.99

M. striata var. serrata Hwadong 1031088 —

1.00

13

M. cratis Hoje0&02078

100

L.

0.99

Preximal border

Dame 1.00
100
et \‘c
1.00
100
1.00L ]
96
.00
p—
89

61

0.1

M. akrokomes Posan012608) 7 1.00
77

annulata |lwang022407C —

M. mangofera f.forveata Hoesan0610071

M. punctifera lgyo111107B8

M. insignis Beopsu033107D

M. pseudocratis Seungun120107F

M. matvienkoae var, matvienkoge

7 _I Gungnam2052507 A
1.00

M. matvienkoae Mureng112807B

M. caudata Dangge060207A

M. oviformis Wolpo112807H

M. heterospina Posan012608A

1. bangladeshica Hoesan061007G
Chromulina sp. SAG1797

Ochromonas sp. 5AG93310

Outgroup

—— Potericochromonas malhamensis SAG9331¢

Ochromonas danica 5AG9337

Mallomonas

Striatae

l Akrokomae

I Anulatae

l Torgquatae
I Punctiferae

I Insignes

Planae

l Heterospinae

I Planae

and [LSU

rDNA and #d. sequence data. Numbers indicate the posterior probability above the branches and the maximum likebhood below the

branches.




(Jo et al. J. Phycol. 2011)
* two well-supported clades, possessing V-rib x lacking V-rib

* V- rib was an important event in the evolution

» scales with a dome in both clades - synapomorphy (possibly evolved
multiple times)

* more complex scales and scale-case arrangement are not always
derived (e.g. M. caudata - simplest scale type, more derived position
relative to e.g. M. heterospina)
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Mallomonas
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Genus: Synura

c.a. 35 taxa. Colonies rounded, ellipsoidal or elongated. Several to several tens of
cells, free apical part, connected (stalks) in the middle of the colony.




Silica scales

Spines are well developed in the apical part of the cell and they point out from the
colony. Spines are reduced where the neighbouring cells touch.




S.americana
S.americana
S.macropora

S. petersenii ¢
S. borealis ss2n7
S. borealis s114cs

S. laticarina ssocs
S. sungminbooi Seongdong 1208074
S. sungminbooi g

S conopea josan

S. soroconoped vu

S. soreconopea Sorit

Synura sp. ccacoos2

S. lanceolata Nojeoko2061 "a
e lanceolata Mangag) 94

Petersenianae

5. synuroidea rxais
———— S.sphagnicolasisi
———— 5. sphagnicola Ang
S. mammillosa s1
5. mammillosa santaeko72410C
S. echinulata ccvpas3
5. leptorrhabda Hoz
5. leptorrhabda 50
S, feptorrhabdah 05A
= S. leptorrhabda ssac3
5. leptorrhabda 141
S. multidentata ssocii
S. punctulosa v
[ §. splendida
LS sprendr'da;
[ S.uvel aL

_:E S, uvell
1198

S. uvella ccmegro
Neotessella volvocina ccwe 1781
Neotesella lapponica ssec

Curtispinae

Jadrna et al.

Paleogene Neogene 202 1

50




Genus: Chrysodidymus = Synura synuroidea Curtispinae

Two-celled colonies, cells connected by posterior ends.
Rt '\ S SR e

=T BV

? il s 4
N g AN

L1
e

Scales with short spines,
found on all parts of the cell
except the anterior end.



0.02

Synura heteropora Wa18K_U
a.ga7sEsl Synura heteropora CCMP 2898
S_].I’F?u.'a truttae Nemecova 2

*| Synura trutiae Nemcova D5
Synura sp. UTEX LB 239

Elucidating the phylogeny
and taxonomic position of
the genus Chrysodidymus

Synura sp. CCAC 0052
Synura sp. CCMP 869

% [ Synura glabra NIES 233

Synura glabra Dohak111107C

«[ SyNhura americana CCMP 862
Synura americana Johas010508F
Synura pelersenii KNU 09
Synura petersenii Youngji101407A
Synura conopea NIES 1007
Synura conopea CCMP 859
Synura soroconopea CHU 01

1.00/79100 * Synura asmundiae S 90.010
I_— Synura bjoerkii SC 57 A8

Synura macracantha s 90.B5

- ———————— Synura splendida S 90.E4
Synura mammillosa S 89.C3

. Li |_|: Synura mammillosa 5 IE 1054

0.99/65/97 | ) e
Synura echinuwlala sAG 1592

Synura mulfidentata S 90.C11
50% Synura sphagnicola CCMP 1708
0.99/88/96 y L; hg ccala 1Y2001

P—— - ynura sp agnrco'a,, 500
L "Chrysodidymus synuroideus’ s 95
Synura mollispina 5 71.C10
Synura spinosa S 7402
Synura curfispina SAG 29.92
Synura sp. CCMP 847

Prowse
(Chrysophyceae, Synurales)

0.92/85/64

100087158

Synura
synuroidea

1.00/97/100
1.D0ITSIET
s

1.00/B5/85
p—

1.00/98/100

0.99/80087

Synura uvella CHL 53

L
[ Synura uvella CCMP 871
{Aaf!on?of?as caudata Dangjel8020TA
b Mallomonas matvienkoae Muryeong1 128078

Mallomonas heferospina Posan(126084
Mallornonas insignis Beopsul331070

Mallomonas akrokomos Posan012608)

0.98/94/100
1 OGB4 00 Mallormonas acaroides 5YJMAc
Mallomonas punctifera Angumal032010C

* Neofessella lapponica 5 59.C4

Pusztai et al. 2016

Neotesszella volvocina CCMP 1782




Neotessella lapponica
transferred to Neotessella

according to molecullar data and
morphology

1 ((2'7; i}

Goldstein etal. 2005




Neotessella

Colonies with several hundreds of cells (25 - 200um in
diameter). Scales cover the whole colony in several
layers. Neotessella volvocina, australien endemit.

4
S

\)
o

3

.
o“
2D

Fig. 5.27. Tessellaria, colony. (Kristiansen & Preisig 2001,
from Andersen & Preisig 2002 b).



Diurnal migration

Intermittent cloud Cloud Dark

Ochromonas

-

Happey-Wood, 1976



Diaptomus ashiandi
0.83 mm

1.93 mm 1.49mm 098 mm
Daphnia pulicaria

Mallomonas pseudocoronata
17.8 pm

Eubosmina coregoni Synura petersenii Mallomonas caudata
0.35 mm 21.2 ym 29.1 pm

G (days})

Pmax(days” 1)

Daphnia pulicaria Eubosmina
1.9mm 1.5mm 0.9mm 0.4mm

Species

Diaptomus
0.9mm

Synura petersenii -0.45 -0.20 -0.04 -0.03

Mallomonas pseudocoronata -0.31 -0.18 | | -0.05 -0.04

Mallomonas caudata -0.04 -0.01

-0.01

-0.05

-0.02

0.5 mm

< >
2004.02.19




Bioindicators

Indicators of acidic environm. Indicators of alkaline environm.

S. uvella

M. tonsurata M. punctifera

S. echinulata




Synchromophyceae

e closely related to Chrysophyceae
e amoebae, plastids with joint outer membrane

=== Chryso-~f Synurophyceae
S57/82
Leukarachnion sp. ATCC PRA-24
S6/95/94 Chlamydomyxa labynnthuloides
s7Mooes [ Synchroma grande CCMP2876
Ll il Synchroma grande IBS
Synchroma grande C
Synchroma pusillum J
Synchroma pusifium Ne
ezsuss| | Synchroma pusillum P
s6903 Synchroma pusilfum F
Synchroma pusillum CCMP3072
Ficophagus flagellatus
Eustigmatophyceae

551001 00

| 41001 00

Schmidt et al. 2012. Phylogenetic tree of 18S rDNA of stramenopiles with a
focus on Synchromophyceae.






arrow: two amoebae inside
one lorica after binary
division) incorporated into a
meroplasmodial

network as well as migrating
amoebae (asterisk:
migrating amoeba shortly

- : after hatching).
TEM overview of a sessile amoeba of S. ing)

pusillum CCMP3072 with a surrounding lorica
(arrow).

Synchroma pusillum




Life cycle of Synchroma grande

Tetrad cell

4
Fused amoeba
5
7

Floating amoeba
2 Vacuclated cell
3
8

- O &

i/ X

b
65~

CCMP2876 =
Migrating amoebae Coccoid cells Sesslle amoebae
(cysts)
Fused amoeba
Cell aggregation Hatching daughter cell

Fig. 2. Schematic life cycle of 5. grande integrating all observed morphological cell types: (1a) binary cell division of sessile amoeboid cells; (1b) one
daughter cell hatches out of the lorica and becomes a migrating amoeba (sessile amoebae can also leave their lorica under certain circumstances); (2)
migrating amoebae become sessile through the formation of a lorica including a vacuolated cell stage; (3) migrating amoebae can detach from the sub-
strate and become floating cells and vice versa; (4a) cell fusion (with karyogamy) of two migrating cells; (4b) lorica and tetrad formation; (5) hatching of
three (alternatively four) migrating amoeboid cells; (6a) cell fusion of several cells; (6b) formation of lorica and meroplasmodium; (7) hatching of several

(more than four) migrating amoebae; (8) cell wall formation after prolonged stress conditions.

(Koch et al. 2011)




Synchromophyceae / Picophagea

basal group — reduced plastid, not  Clilamydomyxa labr /ﬂl‘hU/O/de.S' £

found any unambiguous candidate  Sphagnum ;
for a plastid organelle by TEM )

novel form of a relict plastid
organelle

C)K. Wenderoth

Picophagus




Pinguiophyceae




Pinguiophyceae
* described in 2002

 named according to the
high content of fatty acids
In the cells

* heterokont plastid, flagella

* marine picoplanktonic
algae

Figs 1-9. |lllustrations of Pinguiophyceae taxa. 1. Pinguiochry-
sis pyriformis. 2,3. Phaesomonas parva; swimming cell (2); non-
motile cell (3). 4. Pinguiococcus pyrenoidosus. 5-7. Glossomastix

chrysoplasta; vegetative cell (5); colony (6); zoospore (7). 8,9.
Polypodochrysis teissieri; loricate vegetative cell (8); Zoospore (9).
Scale bar = 10 um (1-5,7-9) or = 1 pum (6).
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Phycological Research 2002; 50: 31-47
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Pinguiophyceae

Glossomastix — capsal thallus, zoospores woth 1 flagellum




Pinguiophyceae
Glossomastix — capsal thallus, zoospores with 1 flagellum

| pseudopodiurﬁ éssociated with

flagellum



Pinguiophyceae

Polypodochrysis — coccoid cells in lorica, zoospores with 1 flagellum

4 7 21 48

gliding cell change direction -2. pseudopodium .“




Pinguiophyceae
Phaeomonas — 2 heterokont flagella, no pseudopodium

Papua New Guing




Pinguiophyceae
Pinguiococcus, Pinguiochrysis — coccoid

’. R RN R Y L Xl
.







Organisms Diversity & Evolution (2022) 22:327-341
https://doi.org/10.1007/s13127-022-00554-y

ORIGINAL ARTICLE

Phylogenetic and functional diversity of Chrysophyceae in inland
waters

Christina Bock'(® - Jana L. Olefeld' - Janina C.Vogt?[ - Dirk C. Albach?([ . Jens Boenigk’

a substantial diversity, i.e., Paraphysomonadida Scoble and
Cavalier-Smith 2014, Synurales Andersen 1987, Chromulinales
Pascher 1910, Chrysosaccales Bourrelly 1954, Hydrurales
Pascher 1931, Hibberdiales Andersen 1989, Segregatales
Boenigk and Grossmann 2016, Ochromonadales Pascher
1910 and Apoikiida Boenigk et Grossmann 2016b
(Andersen, 1987, 1989; Brodie & Lewis (2007); Grossmann
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