Haterpeoesus fiomensis SAG BI5-5
Halsmeoecus chodsill SAG 8353
Hatsrococous cassplis s SAG B35-2a
Chioslisium telrshatrys SAG 5.00
Bolryopsls constizts
Misshococous sphasrocephalus UTEX 150
Pasudopleurochlonts snisstics SAG 39,98
Batrydopel calbss SAG 3083
Tabaonema segusts UTEX 50
Bumilleriopsts Miformis SAG BIG-2
Batrydism granutstum NIES-622
Vaucheria lilores
Vaucheris burssls
Ch, s hismglyphics K 0358
Aurarans e lis NIES-1963
0w [ Aursamns sp COMP 1538
Aumarans sp. COMP 1618
54/0.99 Aursarens cruciala HIES-1964
_@ Phasmmehizochlamys mucoss CCMP 835
Phssothameion confesvicols GCOMPE3T
4608 Laminaris dglafa CHUK PLOOZ
530,95 6% Fusis vasisdosys GNUK PROO2
Desmanesatia virkdis CHUK PDO0S
o
o
hige ok HUK PEODS
Charislocarpus lenellus

Schizoctsals lschiensls GOMP 22687
00— Girsvdyopals sislifers COMP 1308

L Giraudyopsis sp. COMP 1688
Hetsmaigms skeahivo NIES-23
100 | Heismsigms skashino CCMP 1505
Haterosigme akashiso COMP 452
Chaffonells subsalss COMP 217
Chationells msring COMP 2049
Haramonas dimosgha NIES-T16

a0 63 ) Mammoshlongpsls ssing ELIS-001
) Narnochloropais sp. EC009
_|gm 1m'1riummnkmm oculsts COMP 525
; Monodus unipsplla SAG 883

e Macheris helvetics UTEX 49
F Vischeris shallats SAG 3363
1L Evstigmaios magrus CCMP 367

1001 — Msmialis sguatics COMP 3153
L cmialis mioulats COMP 3154
Msllomanas eaudsts AKG

&
m@s patarss KNU 01
Ochmmonss disigms AC 25
10w B Ochromonss ubsrewists COMP 1881
a8M T Chrmuding nebiloss

Hitberds magna COMP 453
Synchnoms grande COMP 2878
7 Glossomaslly chiysoplssts COMP 1537

I
el Pnguseoccus pyrenoidosys CCMP 1144
] Phasomanas parve COMP 2877
oo Pinguiocheysis pyriformis PP 301
| I

Polypodasivysis isissisd AJBDS
Saretnochrysis sp. COMP 770
Sarcinochrysissp. A11,551
Ssmhochysis sp. COMP 1884
Sarchroshrysls sp. A11,884
Cheysorsinharda giraudi COMP 2340
1001 [ Aursoumbrs lsgunansis COMP 1510
Aursoumdies agunensis CCMP 1507

Palagomonas eslcanlsts COMP 1214
Pelsgocoress subvidais CCMP 1420
Aurspcocous anophagefsrans COMP 1084
=0 Ankylochysis lutes RCC-236

54058 Apsdinells spiniiers COMP 1767
kCh] Pusughpadinals slssizs GOMP 716
=1 Pasugbpsdinglls sp. COMP 1478
Pasudbpedinels sp. COMP 3052

Rhizschromiling sp. CCMP 1243
Rhizoe hromuling mevine CCAP 85001

Rhizochromuling sp. CCMP 237
Dictyoehs spectdim COMP 1381
) Baclgrosivs bsthyomphals NBO4-BR
Skelatonema maning
Thalassinsirs pesvdonsna CCOMP 1335
Thalsssiogirs conferis KMCC-B-020
Asterionallopsals glseislis KMOC-B-208
Phaeodachium ficomutm
el os didymus KMCC-B-170

100H —— Bolidamonss medteranss COMP 1367

L Bolldomonss pscifics CCMP 1886

Xanthophyceae

1 Chrysomerophyceae 1

PX clade

Aurearenophyceae

j Phaeothamniophyceae

Phaeophyceae

3 Schizocladiophyceae
_] Chrysomerophyceae 2

Raphidophyceae

Eustigmatophyceae <i
] Synurophyceae<:|

Chrysophyceae

3 Synchromophyceae <
Pinguiophyceae <:|

Pelagophyceae

Dictyochophyceae

Bacillariophyceae

j Bolidophyceae

SIII clade

Yang et al. 2012




Vischeria

@ Synurophyceae (412)

\ Synchromophyceae (7) '
Eustigmatophyceae (107) |
Pinguiophyceae (5)
Bacillariophyceae
(diatoms, 16,012)

Pleurosigma

Bolidophyceae (18)
Dictyochophyceae (136) \

Pelagophyceae (25) C_ ——

SIII
Diatomista

Sarcinochrysis

CRITICAL REVIEWS IN PLANT SCIENCES

Phaeothamnion Vaucheria

Raphidophyceae (40) \..,
| Chrysoparadoxophyceae (1)
| If Aurearenophyceae (1)
Chrysomerophyceae (8) |
Phaeothamniophyceae Characiopsi.

(31)

Xanthophyceae (69-1_]”

Schizocladiophyceae (1)

Phaeophyceae
(brown algae, 2,051)

B > S]
® Chrysista

(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.ihosei.acjp/Protist_menuE.htmil




Gonyostomum semen 50-100um
freshwater species

slime threadsare up to 500 um Iong |

lakes and ponds r|ch in humlc
acids, invasive

? .,,":‘,, \R‘ D

Daphnia magna
— solely predator

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




Life cycle of Goniostomum semen

I US10mn

B

Hnln gametes

Ihvision 1

Division 2 { '

-l"
o

<= Germination

-~ Germling S
D 0
..__)- X

AEE}LII.Iﬂl Resting cyst ’\
cycle J 2C _ \F.m:}fri.'tm:::m
ﬁl_.?.—.
Division 2 "" A soa
7 cyele
- - - Lygote
2C
Fusing

' gamete 1
: pair € / ,
2 C Fusion
DX

(Figueroa et Rengefors, 2006)



Freshwater species

flagellum

/ contractile vacuole

T
L3

muciliferous bodies Vacuolaria



Fibrocapsa japonica (M)

{il —<Haramc:nas 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




Marine species

5 /
Chatonella

Brevetoxin - neurotic shellfish
poisoning

Satellite images showing Chatonella
verruculosa bloom outside the Norwegian

~«~4 and Danish coasts, May 1998 and

Chattonella sp. cells.




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 Heterosigma akashiwo bloom,
balast tanks??  Bulls Bay, South Carolina, g4

April 2003

Heterosiq



"I Marine species

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

.
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Zoospores

* only 1 or 2 flagella ( 1pleuronematic), 2 basal bodies

== Pphotoreceptor,
iE==- big stigma




MERefS

single plastid, only Ch a, yellow-green color,
* 4 membranes
* no girdle lamella

+ storage product not surely known




Plastids




Parpeustigmatos colwmelljfierus CAUP 0 701 MK251413 Paraeustigmatos

Uncultured sustigmatophyte clone PRS2_IE_43 GO330585

— Pseudstetraedriella kamilloe SAG 2056 EF044311 Pseudotetraedriella

= Monodus quitulo CCALS 526 KFE4892T

Monadus sp. CAUP D 901 KFB48526

':JM-I'JMI']'H': wnipapilia SAG §.83 AMAS0EZT Monodopsis

Monodopsis subterranea UTEX 151 U41054

saa| Microchioropsis soding MBIC 10063 AB183586

Microchloropsis goditane MBIC 10418 ABDS2271

ar- Wannochloropsls oculoto CCMP 525 AFD45044
Nannochioropis oceanice MBIC 10090 AB1H3537
Nannochloropsis impetica 5AG 18.99 AF251496

"L ponnochloropsis granuiata MBIC 10054 AB183582

Chiorobotrys regularis CCAP 81041 KF243934

¢ Wischerio heletica UTEX 49 AF045051

t Vischerio wischeri LITEX 310 FI358973

Vischerio polyphem CAUF O 102 KFE45922 Vischeria

Vischerio stellate S5AG 33,83 KF848519

i Vischerio punctota UTEX 86 FIB58971

™ Vischeria magng CCWMP 38T U41051

Unidentified eustigmatophyte 546G 2217 KY271667

howps sp. ACOI 2029 KY27T1650

Psewdocharaciopsis minwte UTEX 2113 U41052

‘| Chirraciopsis sacomte ACCH 481 [S0G15.97) KFR45925

E{ Characiopsis langipes ACDI 1838 KY271647

Microchloropsis

Monodopsidaceae

Nannochloropsis

Characiopsis ocuta ACO| 456 KY2T1644
L& Characiapsis ocula ACDI 1837 KY2T1646
Chiorobotrys glosothece ACOI 1114 KY271649
= Chiorobatrys regulans ACOI 307 KY271643
L] ﬂl— Uncultured eustigmatophyte clone PR52_4E_40 GQO330586 Chvambatis
Chiorabatrys regulons ACO1 1089 KY27T1648
BogD 3/21 T-2d KF757230
E a5 Mary 63 T-1w KF757240 Clade la
1wl - Mary 818 T-4d KF757239
Tow &/18 T-6d KFT57249
Pseudellipseidion sp. Beav 426 T-6w MNIEI520
Pseudeflipsoidion sp. WTwin 8/18 T-5d KF757254
Pseudeilipsaidion sp. Tow BfLE T-12d KF757250 Pseudellipsoidion
Pseudellipsoidion sp. Tow 9/21 P-2w KF757253
Fsepdeliipsoidion sp. Mary 8/18 T-3d KF757238
Prewdellipsaidion edophicurn CAUP 0 401 KF2489033
Characiopsiello minima ACOI 24234 MNIES512 Characiopsielia, gen. mov.
Characiopsiela minima ACOI 2426 MMNIEIS1L
Neomonodus sp. ACOI 2437 MN3I85516
| MEOMEnodus ovalis BOCO_30_ 2918 MN3B9519
Neomonodus ovalis BOCO_30_2917 MN389518 Neomonodus, gen. mov.
Aeomonodus owalis CAUR O 302 KFRAEI3Z
Neomonodus sp. CAUP O 301 KFE4E931
Munda oguilonaris A001 24244 MM389514
| Munda oguilanaris ACOI 24248 MMNIEQE17

\Munda aguilonaris ACOI 2424 MN389513
Amaral et al. 2020 J. Phycol e e Enieias e

Eustigmataceae group
Chlorobotryaceae

Eustigmatales

Eustigmatales

Neomonodontaceae

Neomonadaceae, fam. nov.
(former Pseudellipsoidion group)

Munda, gen. mowv,




Goniochloridales

Microfalis agquatica’ COMP 3153 HO 710564
w - Trechydiscus minwtus CCALA 838 HOOO7250
1 Eustigmatophyceae sp. Tow 2/24 P-2d KFTSF247
| L Trechydizeus sp. LOR-Awa-0-2 KM014497
* TetraedrieNo subgloboso CAUP O 601 KX373531
U |Eustigmatophyceae sp. Tow Bf18 T-Bw KF757252
L Eustigmatophyceae sp. [tas 9/21 5-Bw KF757235
im | Goniochloris sculpts ACOI 1852 KY271652
* Goniochiaris sculpta 5AG 19,96 FIS58970
Eustigmatophyceae sp. lkas 818 5-5d KFT57234
Eustigmatophyceae sp. Mary 8/18 T-4w KF757241
Goniochioris mutice ACO| 1360 KY271651
ioo— Uncultured evkaryote clone KALOIERS KC315827
L Uncultured euka ryote clone KRLOSE22 KCI15840
Eustigmatephyceas sp. WTwin Bf18 T-15d KF 757155
L [ Eustigmatophyceae sp, Tow 8718 T-2d KF757248
s ' Eustigmatophyceas sp. Mary 8/18 T-2d KFT57237
2 |'|.-'a1:'..'|:ll'|'w'r.‘|:f|: crystoliferum NIES-2860 LOD4696
Eustigmatophyceae sp. Pic Bf18 T-15d KF757244
Eustigrmatophyceas 5p. Itas 9/21 5-11w KF757236
Gondochions tripus ACOI 1855 KY2T1653
wop Tetraedriella verrucoso ACOI 1374 KY2T716861
~ Goniochiors smithii ACOI1 1859 KY2T1654
1o Tetroedriells tumidwio ACOI| 1372 KX271660
Tetraedrieila tumidua ACDI 1229 KY27 1659
Preudostourastrum enorme 5AG 11.85 EF044312
wor— Peeudostaurastrum fmaelevrm ACOI 1860 KY2 71655
! Pseudostaurgstrum sp. ACOI 2428 KY2T 1658
Prewdostourastrum enarme A00I 2026 KYIT1656
Psewdostourocstrum fimneticum 5AG 14.94 EF044313
Pasudastaurastrum s ALDI 202T EY2T 1657

‘IEustiEmatnnh'.'l:eau sp. Tow 8/18 T-4w KF757251
)

Clade lla

L

Clade llb

Clade lic

Pseudosfaurastrum

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 llb), vegetative
cells in clumps. c. Itas 8/18 S-5d (Clade llIb),
angular vegetative cells similar to Goniochloris.
d. Pic 8/18 T-15d (Clade lIc). e. Pic 9/21 T-1d
(Clade llc) 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 llc) vegetative cells with highly
refractive granules. Scale bars = 10 ym

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 # oceans, EPA

.&,//‘\,/“
. ! e
./'

-‘ll

. . - 2z
2 g ) »el L J Decreases blood preasure, suppresses
S

equencedt. gaditana = 4, ., schizophrenia symtoms

2012 nuclear genom



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

-/97 — N."maritima” AY680703 AY680702
_L N. oceanica var. sinensis SC-2012 JX913538 JX913540
N. oceanica MBIC10090 AB052273 ABD52281
N. oceanica MBIC10176 AB052274 AB052282
N. oceanica C5-179
N. oceanica C5-246
| N. oceanica MBIC10426 AB052276 AB052284
N. oceanica MBIC10440 AB052277 AB052285
N. oceanica CCMP531 U41094 KC598090
N. oceanica MBIC10179 AB052275
wonoo | Nannochloropsis australis C5-759
Nannochloropsis australis C5-416
100/08 | N. granulata MBIC10054 AB183582/AB052272 AB052280
N. granulata CCMP529 U41092 KC598085
- N. limnetica CCMP505 U41050 KC598089

B9/100

B0/92

"'EN. limnetica var. limnetica AS3-9 DQ977726 DQ977741

72/73! N. limnetica var. limnetica SAG 18.99 AF251496 AMA421006

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

N. oculata CCMP525 AF045044 KC598087

—— N.oculata CCMP533 AF045045 AF015578

\ M. gaditana CCMP527 AF045038 KC598084
100799} M. gaditana MBIC10118 AB052269 AB052279
{ ?H M. gaditana MBIC10123 AB052270 AB052734
M. gaditana MBIC10418 AB052271 AB052735

100100 | 78/86
100/100 100/100
100/100
— 5 changes

Fawley et al. 2015

Microchloropsis gen. nov.

M. salina CCMP537 AF045049 KC598088
M. salina MBIC10063 AB183586 AB052287
97/95|' M. salina CCAPB49/2 AF045046 AB052288

M. salina CCMP369 U41094 AF015576




R. Amaral

Chlorobotryaceae
Stipitated py

2

Pseudocharaciopsis ovalis-related
clade

Charatiopsiella/Neomonodus
/Munda 2

.

Characiopsis sp. ACOI 2423A

3

A5
fg,f;y ,
A\ N

oD
it g

ACDI 243

Neomonodontaceae
No pyrenoid




18S rDNA of
Eustigmatophyceae.

BESGHT0

BeGRM O

Characlopsis sacorta 5AG 15.97

100" Pseudocharaclopsis ovalis CAUP O 302

Mary 63 T-Tw
mary s1aTad | Clade la
Tow B/1E T-6d
Fustigmatos magras COMP 387 41051
Vischerio punciara UTEX 153 FIBS&572
Vischerio punciara UTEX 86 FIS58971
Chiorideilo neglecta SAG 45.84
Eustigmatos cf. polyphem CAUP H 4302
Vischena helvetica KGU-YO01 AE7 311558
Chiorideila simplex CCALA 279
Eustigmatos polyphem CAUP O 102
1| Vischeria helvetica CCALA 514
Eugtigmares polyphenm AL 38 84 I01H3077
Eushigrargs vischen 240 860- 1162 74590
Eustigmaros wischerd UTEX 310 FIS58973
Eustigmarss sp. MT-2012 E120 JX13807E
Eusligmarss sp. MT-2012 ES JX18B0TE
Vischerig helvetica 5AG 876-1 JX 185080
Vischeno hefvetica UTEX 49 AFO45051
SR 0 Vischerio stellate SAG 13,83 HOTF10570
g Chiorabotrys regularis CCAP 81041
Prevdocharechopsis minurg UTEX 21713 L1052

Eustigmataceae
Group

Uncultured ewstigmatophybe GO330586
Mongdus subdermmneg KMMCC ELS-04 FIa96225
Manadus subléroned UTEX 151 L1054
Manodus uaipasila Sa0G 383 AMARIEZT
Monredis guthule CCALA 826
Monediss sp, CAUP D 901
Monodopsis subterransg CCALA 820
Monodues guittulo CCALK B28
Monodus of. guttule CCALA B25
Frewdatetraddriely komiifoe 565G 2056 EF0a4311
Uncultured eukarpcte KC315322
Uncultured eustigmatophyte GOI30585
almta COMP 525 1389032
wilany CUMPTEGE AFD45041
nnerlca 540 18.9% AF251496

Mary 8118 T-3d
Peerdellipsoidion edaphicum CAUP Q 401
Tow 9/21 P-2w
Tow 818 T-12d
WTwin 8/18 T-5d
Psewdecharaciopsis ovalls CAUP G 307

Pseudellipsoidion
Group

oy ol CE 10423 P-3 7w
AT Tow B/18 T-dw
Eustigmatophyceas sp. CCMP 3153 0564
Trachpaisoas minu s HO007250
Tow 2/24 P-2d
Tow 818 T-Bw
Has 921 S-Bw

Clade lla

SESI00V10

0.07 subsaituiers s ne

Goniochlons sculpra FIBSES70
Itas 8-18 5-5d
Mary B-18 T-8w
Uncultured evkarpote KC315827
Uncultured eukarpste KC315340
Chic 10/23 P-6w
WTwin 8/18 T-154
Mary /18 T-2d
Pie B/1E P-13d
Pic BB T-19w
Tow 8/18T-2d
Pic 8/18T-15d
lias 6/3 T-Bw

Clade b

Clade llc

Itas 9/21 S-11w
PicB18P-2d
Freudasiaunastum enarme 580 11 85 EF044312
Freudastavastum dmnerioun SAG 1494 EF04493713

Neomonodontace

Chlorobotryaceae

Monodopsidaceae

@

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 llb), vegetative
cells in clumps. c. Itas 8/18 S-5d (Clade llIb),
angular vegetative cells similar to Goniochloris.
d. Pic 8/18 T-15d (Clade lIc). e. Pic 9/21 T-1d
(Clade llc) 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 llc) vegetative cells with highly
refractive granules. Scale bars = 10 ym

Fawley & al. 2014 J. Appl.
Phycol.




Neomonodus, Munda, Characiopsiella,
Neomonodontaceae  pseudellipsoidion freshwater




Chlorobotryaceae

Eustigmatophyceae sp. WTwin 8/9 T-6m6&.8
Characiopsis acufa 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. ACOIl 3415

&%

Neustupella aerophytica E4f




Goniochloridales

Pseudostaurastrum — plankton in freshwater

ey s faf el A
SRR s T AR

oligotrophic waterbodies



Trachydiscus

isolated from nuclear power
plant Temelin cooling tower

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




Goniochloridales

Microfalis agquatica’ COMP 3153 HO 710564
w - Trechydiscus minwtus CCALA 838 HOOO7250
1 Eustigmatophyceae sp. Tow 2/24 P-2d KFTSF247
| L Trechydizeus sp. LOR-Awa-0-2 KM014497
* TetraedrieNo subgloboso CAUP O 601 KX373531
U |Eustigmatophyceae sp. Tow Bf18 T-Bw KF757252
L Eustigmatophyceae sp. [tas 9/21 5-Bw KF757235
im | Goniochloris sculpts ACOI 1852 KY271652
* Goniochiaris sculpta 5AG 19,96 FIS58970
Eustigmatophyceae sp. lkas 818 5-5d KFT57234
Eustigmatophyceae sp. Mary 8/18 T-4w KF757241
Goniochioris mutice ACO| 1360 KY271651
ioo— Uncultured evkaryote clone KALOIERS KC315827
L Uncultured euka ryote clone KRLOSE22 KCI15840
Eustigmatephyceas sp. WTwin Bf18 T-15d KF 757155
L [ Eustigmatophyceae sp, Tow 8718 T-2d KF757248
s ' Eustigmatophyceas sp. Mary 8/18 T-2d KFT57237
2 |'|.-'a1:'..'|:ll'|'w'r.‘|:f|: crystoliferum NIES-2860 LOD4696
Eustigmatophyceae sp. Pic Bf18 T-15d KF757244
Eustigrmatophyceas 5p. Itas 9/21 5-11w KF757236
Gondochions tripus ACOI 1855 KY2T1653
wop Tetraedriella verrucoso ACOI 1374 KY2T716861
~ Goniochiors smithii ACOI1 1859 KY2T1654
1o Tetroedriells tumidwio ACOI| 1372 KX271660
Tetraedrieila tumidua ACDI 1229 KY27 1659
Preudostourastrum enorme 5AG 11.85 EF044312
wor— Peeudostaurastrum fmaelevrm ACOI 1860 KY2 71655
! Pseudostaurgstrum sp. ACOI 2428 KY2T 1658
Prewdostourastrum enarme A00I 2026 KYIT1656
Psewdostourocstrum fimneticum 5AG 14.94 EF044313
Pasudastaurastrum s ALDI 202T EY2T 1657

‘IEustiEmatnnh'.'l:eau sp. Tow 8/18 T-4w KF757251
)

Clade lla

L

Clade llb

Clade lic

Pseudosfaurastrum

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 llb), vegetative
cells in clumps. c. Itas 8/18 S-5d (Clade llIb),
angular vegetative cells similar to Goniochloris.
d. Pic 8/18 T-15d (Clade lIc). e. Pic 9/21 T-1d
(Clade llc) 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 llc) vegetative cells with highly
refractive granules. Scale bars = 10 ym

Fawley & al. 2014 J. Appl.
Phycol.
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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
and in the Synurophyceae (f). (Andersen 1987). NB: The Synurophyceae

numbering of the roots has later been changed.

ic features of the Synurophyceae (A)

in families Paraphysomonada-

ceae (B) and Chromulinaceae (C). (Preisig & Hibberd
1986).

Fig. 2.42. Flagellar root systems in the Chrysophyceae (c )




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)

* 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

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

 open mitosis, the spindle 1s formed between two rhizoplasts



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 (lightis
necessary) .

Dinobryon — facultatively phagotrophic

Poterioochromonas — strong tends toward
phagotrophy; cannibalism rather than rely upon [
photosynthesis -




Chrysophyte nutrition

Metabolic costs of mixotrophy . . . .
lower growth rates Phagotrophy — main role 1n oligotrophic

lakes, where dominate chrysophytes

Pseudopodia and food
vacuoles formation

Primary consumers of prokaryots (e.g.
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).




Fig. 3.11. Paraphysomonas vestita, the digestion vacuole
contains both bacteria and remnants of Synura scales. (JK).

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.qg. Kephyrion,
Chrysolykos,
Dinobryon)

Izogamy
Dinobryon — feromones -

atractants, male and female
colonies

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



Haploid mitosis Diploid mitosis

Syngamy

Mei1osis

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

[Loricae

Poterioochromonas

not connected with PM

fluorescence stain
- Calcofluor white




LOri .

lorica in TEM , .,
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Dinobryon divergens

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




Stomatocysts (statospores)

stoma =mouth

1 um

-

10 ;1111J

vCHR (G ¥ 0)

silica-walled stomatocysts formed
endogenously within the SDV

cytoplasm outside degenerates, the pore 1s
closed by a plug

) : N |

o
e

WY chrysolaminaran

stomatocysts —bottom sediments of lakes,
survive for decades

2 um




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 e

stomatocyst germination and
excystment

"

continually small numbers

\ - 2pum 10000X



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 |l

e g I b ki Bty .
Atlas of Atlas of

Chrysophycean | Chrysophycean

Cysts 25, Cysts vz
Volume I1 . bora

Anaa N Wilkisaon Kathirina. E. yF
| Barbarz A Zeek i ol John P Smol
o K P Simal Vi :
) i _'J lluzirations by
5 3:-) hetratices by \ : July Bl
e “lebn FL Gl

T KA e




Chrysophyceae
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Ochromonas

80 described species
polyphyletic
Determination

complicated,
stomatocysts may help
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Uroglena

Uroglenopsis

Urostipulosphaera

thick
articulated
: e S gelatinous
RO . stalks
O MRS : ’
' ﬁ;ﬁﬁ’i | 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
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Uroglenopsis turfosa

£ T 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

Jason



Urostipulosphaera

branching system of thick gelatinous
stalks




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 ).

lorica




Kephyrion sp.

Akvitanie 2010



D. sociale var.
stipitatum

D. crenulatum

D. attenuatum
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americanum
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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.




YUBUKI ET AL » 2008

Diagram of the life cycle of Spumella sp. showing

(b) germination of nonmotile cell through the p::)r-:.:, Cann|bal|sm |n Spume”a

latinous sphere, (d) swimming cells ¢

cell in the swarm, and (f) encystment of the giant cell.




Chrysosaccales

Ochromonas tuberculata

T2, 2808 180m HZ, 388 18mm X3, 7TE8 S



Lagynion . Zoospore-

Jason Oyadomari

Epiphytic. Lorica; rhizopodium

SOft-Wate r |a keS 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 stucture and asexual
reproduction in Lagynion delicatuln (Stvlococcaceae, Chrysophyceae). European J. Phyeol.




Chromulinales

Chrysosphaerella
Colonial, possesses chloroplast, cells connected by
clongated stipe

http://silicasecchidisk.conncoll.edu/
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a e TR Ch. brevispina — basal
scale

C. longispina

Korsh em. Harris and Bradley
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C. brevispina




C. rotundata

Skaloudova et
Skaloud 2013
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- Phasoplaca thallosa (aF123206 EF168160)
E Hydrurus foetidus (Fvessass -)

1.0001004100

1.00¢100/100

97/93 Ochromonas sp. CCMP 1899 (eF185133 EF165159)
Chrysocapsa paludosa (£F 185145 EF165149)

Chrysocapsa vemalis (EF165105 EF165148)
Hibberdia magna (Ma7331 AF015672)

Kremastochrysis sp. (AF123282 EF165152)
Chrysonebula flava [EF165104 EF165150)

Chrysocapsa sp. (EF165130 EF165153)
Naegeliella flageilifer (xF123284 EF165154)

1.000

Ochromonadales

Chrysosaccales

Chromulinales

Hydrurales

Hibberdiales

Tessellaria lapponica (HF549063 HF543074)

10001 D01 0

Tessellaria volvocing (EF165119 EF185199)
Synura sphagnicola (uraz21 GuI25413)
Synura mollisping (HFS48067 HF549077)
Synura petersenii (GU3zs586 GUIZ5490)
Mallomonas insigris (EF165116 EF165188)

Mallomonas caudala (EF4696238 EF469644)
Mallomonas alpina (GU335620 GUIA5EE2)

0.94/60/56

1.00¢1

001100

Nannochloropsis limnetica (pas77726 DQgTTT41)
Synchroma grande (Da7eara0 DOTEETS)

Synurales

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

Silica-scaled chrysophytes
- phylogenetic relations

| Neotessella

Synura

Synurales

Mallomonas

(Skaloud et lal. 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



Hydrurus

7.0 Uncultured eukaryote BSR1LCO1 (AYE89714)
_|:L_L]ncu|mred eukaryote clone BSR1LDO2 (AYS80712)

Uncultured gﬁkarycr}e clone CLEF? [!HQEE?{DE‘I::}JEEEEE]

rysophyceae sp clone
ercnmmarras sp. CCMP1859 (EF165133) Hydmms clade
L r karyote clone 3c-D7 (FNGSOGEZ)

971.0

_I—_Uncu tured eukaryote clone JFJ-ICE-Uni-10 (AJ8E7745)
8810 Uncultured eukaryote (AY180010)

: Uncultured eukaryote clone Gc-G3 (FNEO0GEG3)

Chrysophyceae sp. CCCM41 (EF165134)
%= Chrysophyceae sp. CCMP2296 (EU247834)

Uncultured eukaryote LG18-10 (AYS159744)

Uncultured eukaryote clone CCI40 (AY 170989)
FPhasoplaca thallosa (AF123296)
Chrysophyceae sp. EK-2010a(FJ971855)

o Chromulina sp. SAG17 .97 (EF165103)
_|35'1 J | Chrysonebula flava (EF185104)
Hibberdia magna (M87331)

i
_: Chrysocapsa paludosa (EF165145)

Chrysocapsa vemalis (EF1685105)
Mallornonas splendens (EF163147)
Mallomonas adamas (U73225)
Mallomonas sirata (UT3I232)
= Mallomonas matvienkoae (UT3227)

—— Mallomonas caudata (U73228)
Malomonas insignis (EF165118)
Mallomonas rasilis (UT3231)
Mallomonas annulata (U73230)
Mallomaonas akrokomos (U7 3228)
871096 Synura curtispina (EF165128)
—{' = L Synura spinosa (MBT336)

Synura mammillosa (UT3220)

[ Synura glabra (U73224 )
= Synura petersenii (EF165116)

Synura uvella (UT3222)
Tessellaria volvocina (EF165115)
r~ Leukarachnion sp. (FJ356265)
b—— Uncultured eukaryote clone |_3 22 (AB534478)}

Klaveness et al. 2011

Hydrurus complex — not well defined




Paraphysomonas

Silica scales

T




Paraphysomonas
/Lepidochromonas

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

Lepidochromonas

]

5 pm

After Croome et al. (1985c)



Awailable online at www.sciencedirect.com

. S i D. t European Journal of
clencemirse PROTISTOLOGY

European Journal of Protistology 50 (2014) 551-592

www.elsevier.com/locatel/ejop

Scale evolution in Paraphysomonadida (Chrysophyceae):
Sequence phylogeny and revised taxonomy of Paraphysomonas,

new genus Clathromonas, and 25 new species .
8 P 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:
F. 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 4 genera:
Mallomonas, Synura, Neotessella (Jo et al. 2016)
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Bristles in Mallomonas

. Y an jaurnal o "'7-
0T HS/ Y.
wre B0N5 « Folows 100 « Marber &

Officd
credit Peter Siver

secondary structures???



Stomatocysts




Stomatocysts in SEM




Do they need silica”?

. ¢ .‘. 7;- ﬂd?m i
- “;"f % ! ""%. %u :

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




Turing Model — biological pattern formation

Kernel(x) result guppy  (Kondo, 2017)

- distA

[\ dista<distl

1 distA

distA>distl

distl

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 Pattem ||  Clear Field |

KT Model Simulator

Constructed by Shigeru Kondo

Shigeru Kondo

*
-

-

2D integration of Kernel =-11.12

12.50

g e,

1.06

e 25 LA

Peak Width of A

Peak Width of I
Fourier Transform of Kemel

Peak Position of I
Amplitude of T

#8 All these patterns can be made by

i KT model or classic Turing model
A f with some modification



Exocytosis of chrysophyte scales

Synura petersenil
Leadbeater, 1990

B

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)

100 [ ¥ portae-ferrae Danghal1104078

97
1.00 M. alpina Gungnamji072807I
001 Mallomonas
M. areclata Hongseong120107D0 =

0.99
1.00 . a1
9% M. elongata Mokjil1 2407 ————
M. striata var. serrata Hwadong 1031088 —
1.00 -I %
100 M. asmundiae CCMP1658
Striatae
M. cratis Hoje0&02078
1.00 -
bid 11'33 M. pseudocratis Seungun120107F
1.00 E M. akrokomos Posan012608) 7 1.00 l Akrokomae
69 ETH
77
M. annulata llwang022407C —— I Anulatae
Vrils Proximal border 1.00
Dome 76 M. mangofera f.forveata Hoesan0610071 l Torquatae
59 M. punctifera lgyo1111078 I Punctiferae
) ol M. insignis Beopsu033107D I.'ns.lgnes
Proximal border 1.00 M. matvienkoae var. matvienkoge
Dome 1.00 a7 _I Gungnam2052507A
100 .
] l‘.gg M. matvienkoae Mureng112807B8 Planae
\‘C M. caudata Dangge060207A
1.00 M. oviformis Wolpo112807H
100 I
M. heterospina Posan012608A l Heterospinae
1.00] M. bangladeshica Hoesan061007G I Planae
89
Chromulina sp. SAG1797
Ochromonas sp. SAG93310

Outgroup
—— Potericochromonas malhamensis SAG9331¢

Qchromonas danica SAG9337

0.1

Fi. 4. Consensus Bayesian tree of 18 strains of the genus Mallomonas species based upon the combination of nuclear 55U and 1LSU
rDNA and #d. sequence data. Numbers indicate the posterior probability above the branches and the maximum likelihood 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)




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.




Paleogene
T

Neogene

50

5. petersenii ¢

S. borealis s6207
S. borealis s114cs
S. laticaring 51150

Synura sp. ccac0os2
S. lanceolata toj

5. heteropora sa7Cs

S. hibernica
Synura sp
S.glabra

S. glabra Ge
S.glabra

5. bjoerkii scsz
S.asmundiae 520010
S.asmundiae

S. kristianseni

S. kristiansenii 2

S. macracantha 59085

5. mammillosa santoeko72410C
S. echinulata ccmpes2
5. leptorrhabda He:
S. leptorrhabda Jso

S, leptorrhabda sic 105
5. leptorrhabda ssscz
5. leptarrhabda 141

S. multidentata saoct
5. punctulosa wes

S, splendida s

S. splendida s

5. uvella Gahango

S. uvella

S. uvella ccmp e

Neotessella volvocina ccve 1781

Neotesella lapponica ssacs

Petersenianae

Curtispinae

Jadrna et al.
2021




Genus: Chrysodidymus = Synura synuroidea Curtispinae

Two-celled colonies, cells connected by posterior ends.

> 1 = i
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Scales with short spines,
found on all parts of the cell
except the anterior end.



; Synura heteropora Wa1gk_U ; :
o.e7seaf Synura heteropora CCMP 2898 EIUC|dat|ng the phylogeny
and taxonomic position of

Synura trullae Nemcova 2

*| Synura trutfae Nemcova DS
the genus Chrysodidymus

Synura sp. UTEX LB 238

Synura sp. CCAC 0052

Synura sp. CCMP B89 PrOWSG
(Chrysophyceae, Synurales)

0.99/85/64

« [ Synura glabra NIES 233

Synuraglabra Dohak111107C
«[ SyNura americana CCMP 862
Synura americana Johae010508F

Synura pelersenii KNU 09

Synura petersenii ¥oungji101407A S

Synura conopea NIES 1007 yn ura
d

1. 00087158

1.00V97/100
1007667
Synura conopea CCMP 859
Synura soroconopea CHU 01
* — Synura asmundiae S 90.010
L Synura bjoerkii 5C 57 A8
Synura macracantha S 90.85

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

. - |_|: Synura mammiliosa 5 IE 1054
0.99065/97 - ) T
Synura echinuwlala SAG 15.92
Synura multidentata 5 90.C11
50% r Synura sphagnicola CCMP 1705
——— o L Synura sphagnicola JyS001
L 'Chrysodidymus synuroideus’ s 95
Synura mollispina 5 71.C10
Synura spinosa 5 74,02
oowBoET L —— Synura curtispina SAG 20.92
E— E Synura sp. CCMP 847
Synura longitubiilaris Jesngsan0T0807TA

1.00/72100

1.00/B5/85
—

1.00/98/100

Synura uvalla CHU 53

*
[ Synura uvella CCMP 871
{ﬂaﬂomonaa caudata Dangjel&0207A
# Mallomonas matvienkoae Muryeong 1128078

Mallomonas helerospina Posan(126084
Mallormonas insignis Beopsul331070

Mallomonas akrokomos Posan012608)

0.98/94/100
1 Do/E& 00 Mallormonas acaroides SY.MAc
_{ Mallomonas punctifera Angumal032010C
Neotessella lapponica S 59.C4 PUSZtai et al 20 1 6

*
Neotesszella volvocina CCMP 1782



Neotessella lapponica
transferred to Neotessella
according to molecullar data and
morphology

#}

g o




Neotessella

Colonies with several hundreds of cells (25 - 200um in
diameter). Scales cover the whole colony in several
layers. Neotessella volvocina, australien endemit.
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Fig. 5.27. Tessellaria, colony. (Kristiansen & Preisig 2001,
from Andersen & Preisig 2002 b).



Diurnal migration

Happey-Wood, 1976
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Bioindicators
indictors of CiiC eninm. indicators of alkaline environm.

M. hamata = S. uvella

M.canina
> gl

M. tonsurata M. punctifera

S. echinulata




Synchromophyceae

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

== Chryso-~/ Synurophyceae
SW57/82
Leukarachnion sp. ATCC PRA-24
Se/a9/94 Chlamydomyxa labyninthuloides
s71ooies [ Synchroma grande CCMP2876
L Pl Synchroma grande IBS
- Synchroma grande C
Synchroma pusillum J
Synchroma pusillum Ne
szaisa| | Synchroma pusillum P
seeuoy Synchroma pusillum F
Synchroma pusiflum CCMP3072
Picophagus flagellatus

Eustigmatophyceae

S8100100

| o1 00M 00

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



Synchroma pusillum

coral reefs Columbia




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

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

TEM overview of a sessile amoeba of S. iSr [TENEING)

pusillum CCMP3072 with a surrounding lorica
(arrow).

Synchroma pusillum




Life cycle of Synchroma grande

Tetrad cell
’ 4b
Floating amoeba
Fused amoeba 2 Vacuolated cell
3
4da
5
> @ &
COMP28T6 ..il : drnnnn ‘_
7 @ O
6a Migrating amoebae Coccoid cells Sessile 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

Chlamydomyxa /abr/nthu/c)/des -
Sphagnum . .

basal group

CIK. 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. Phaecomonas 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); z}::n:}spnre (9).
Scale bar = 10 um (1-5,7-9) or = 1 pum (6).
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Pinguiophyceae
Glossomastix — capsal thallus, zoospores with 1 flagellum
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pseudopodium associated with

flagellum



Pinguiophyceae

Polypodochrysis — coccoid cells in lorica, zoospores with 1 flagellum
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gliding cell change direction -2. pseudopodium «




Pinguiophyceae

Phaeomonas — 2 heterokont flagella, no pseudopodium




Pinguiophyceae







Organisms Diversity & Evolution (2022) 22:327-341
https://doi.org/10.1007/513127-022-00554-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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