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Abstract

Cell wall plays significant role in Viridiplantae as it is one of the major cell components
giving strength to plant cells. The main component of plant cell wall is cellulose. However, the
knowledge of the cell wall component of Viridiplantae, the group of green organisms that consists
of two main lineages — chlorophyte algae and streptophytes, is limited. To obtain more information
of the main component of the cell wall hamely cellulose, we investigated the presence and the
content of cellulose present in cell walls of six green algae — Cladophora sp., Oedogonium sp.,
Microspora sp. and Pithophora sp. (chlorophyte algae) and Spirogyra sp. and Nitella sp.
(streptophyte algae) using three techniques including 1) Calcofluor white staining, 2) biomass
analyses, and 3) transcriptome analyses. Results from microscopic and biomass analyses
showed that cellulose was present in cell wall of the six algae, which was congruent with results
from transcriptome analyses where we found putative gene sequences that might be encoding
for cellulose synthesizing complexes. In addition, of all five algae, Cladophora sp. had the highest

cellulose content in the cell wall, which was equal to 34.92% of its biomass.

Keywords: chlorophyte algae, streptophyte algae, cellulose, cellulose synthesizing complexes
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WAL HNANUITIMUINI98981131 8 Cladophora sp. NA3INANANALIALEULE
YRILATRINNNEITU 23S rDNA FRLATILIIANEAT Maximum-likelihood LAAIAN
a % asl . . .
bootstrap clade support A1NN139LATIENAIEIT Maximum-likelihood
WALAD LIS

LLNuﬂNfJ\‘]ﬂ’)’]uquuﬂﬂ’]ﬁ‘ﬂ@ﬂ@ﬂﬁﬁ"ﬁﬁl Nitella sp. mmwwmmmumaum
‘ll‘ﬂ\‘iLﬂ?‘ﬂ\W?ﬂElﬂu 23S rDNA GI]\‘I'JLﬂﬁ"bMWJEI’Jﬁ Maximum-likelihood L&AIAN
bootstrap clade support AINNNTATIEHARERT Maximum-likelihood
WAZABULLILLIET

LLNuﬂ:LIfJ\‘]ﬂ’J’]uQ’WMu’mWﬁ“ﬂ@\M’W?’m Spirogyra sp. Vlmwmﬂmmumﬂum
m@ummumﬂﬂu 23S rDNA mqmmmmmﬁ Maximum-likelihood L&ANAN
bootstrap clade support AINNNTATIZRALERT Maximum-likelihood
WAZABULLILLIET

LLNuﬂm\‘lﬂ’mm’;mmmﬂmmumﬂ Microspora sp. wmwﬁ’mnmmum@um
mﬂqmiﬂwmwu rbcL snmmmyum&faﬁ Maximum-likelihood L&AAN
bootstrap clade support MINN13IAITHAIEAT Maximum-likelihood
uagATuwLLLLE

LLmuﬂm\‘]ﬁmu’mwuﬂﬂﬂﬂmmmm Microspora sp. mmmnmmummum
mﬂqmi@\mmmu rbcL sﬁQfJLﬂ‘iﬂvMWJﬂfJﬁ Maximum-likelihood LL&AIAN
bootstrap clade support AINN13IAIIZRAAEAT Maximum-likelihood
uagABuLLLLE

nwaeNamIanelANAedanIsAAfmATARNG
1Bu1ua9ALZNALUBINIATININEIMIe A I LN 9 ANEN

WU R AMIATMIN e isAuninedalunisdunnsiiaagiaad
A3 NANAAUNTARLH IULBIANUINE Cladophora glomerata, Spirogyra sp.
uaz cellulose synthase 1a9LUANEE a119ednsl i INAuasgéiae

A% Maximum-likelihood
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T AANUNUNANATYABNIAN I TIRYRINT 11 NnTiNAsgline asiunisanainves
EafuITag INANLDULIY uazAnNsesasTidineaniead (Evert, 2006) TaN19U9INNIRINITITAR
d’l o dl 1 QI aala 1 1 QI aala 1 P o &
mflmm:rmzLfawqzwﬂiﬁﬂgluﬂ@mwmmmamu \iu AeTInng Viridiplantae Tuiatadaeg
Viridiplantae vhilszneudaggnsamananiiylanse TmﬂuLeﬁ@@‘ﬂamﬂummﬂ?m@waﬂ (Popper et

al., 2011; Serensen et al., 2011; Fangel et al., 2012) mLma‘ﬂmummmmvmm‘ﬂmqmﬂw
(781n41 cellulose synthesizing complexes (CSCs) sznaufag protein subunits wmmnﬂ Golgi
¥ 1 o/ a dl A 6 dl o/ 6 %4 6

apparatus udnauaslildaBuntielingadinedunziaaglaaluniamas (Tsekos, 1999)

A1NN19AN1IATIAT1928 CSCs 289EINTIRTUN4gN Viridiplantae #ned3 freeze fracture
Hunudnlaseaiadanandangiisnuiuioreqtadiumag uazainn1sdunAAN L9 EENsn
4849 CSC subunits WUIATNE519989 CSCs &a4TRm 1&wA 1) rosette terminal complex (rosette TC)
Pszneuléicn 6 subunits 289 CSCs NN ATasFeANTUIARNERBNN AL AamnTany Ly
Viridiplantae nguatAs1ta lWe (i1 a1 us a@Laua Spirogyra sp. (Herth, 1983) wa s ludi
Lsﬁuﬁqageﬁ Vigna angularis (Kimura et al., 1999) a< 2) linear terminal complex (linear TC) f
1sznaulidfog 1-3 LaaUed subunits 189 CSCs N IAT9RTN9FeAaAWITWLE RIS (Saxena and
Brown, 2005) ax13awu§lu Viridiplantae isluanusanguaaalsinduaznguamln e
A1UTUNTLAaALIB Valonia macrophysa (ltoh and Brown, 1984) iLa s Boergesenia forbesii
(Kudlicka et al., 1987)

d” =K o o '8 1 a a

uanaINLAINNITANEIANANTUTIZUIN9TiA 189 CSCs wazriaglaalulasinizg
(cellulose microfibril W9 TR CSCs AN mmlmummﬂwmaiawﬂmﬂgmemwﬂu
mmm@uumﬁmmﬁ rosette TC axduimsnziiaglaaniiniinimaglas (cellulose Ip) ) PfilAsaas0s
nanuuuinTuaaiin (monoclinic) L1 @918 e10 Micrasterias denticulata Waz M. rotate (Kim
et al., 1996) ua linear TC azduninziaaglagniindavinmagiaa (cellulose lo) NiTAseasnanan
wuulmsAATN (triclinic) (Tsekos, 1999) i @1usne@Llaq Cladophora glomerata (Xiang et al.,
2016)

V] o '3 o d‘ [ 6 QI aaa 1 P
wlidnisdsngreuisaagaviiuanwasiduenaneniyesdanTin lungy Viridiplantae
1 [~ o o a‘d” % QI aaa dl e g

a1 lafimudnwuzaesntinaasililfidenguded@ianiduussnygeaes Virdiplantae uazlu
NANANMINUANAILIINAININ prasinophyte LmeﬁJﬁﬂ@m@Nmmmmummfmmmimmﬂu
ﬂ’mﬂ@ﬂ%ﬂuﬂﬂm@’m%ﬂﬂ@@Iﬂ‘V\IIﬂLLZQQ,ZQLﬁl?ﬂi[ﬂiﬂ/\l[ﬂ muul,‘waqummmﬂ@mﬂﬂmqmmma?
18971313 ngaaglaalunianadaes Virdiplantae unnEeay mmﬂmummmﬂammL‘wam
s lasinulunisaaduesamianguaaslsinfuazamsio Wfunsmdin
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N1SASIARAULANRNS

1. WULIRR
NI TAANUNUNNANATyAan1TiasALTA nsWmun waznistaei w9l Tad
fneaedlaznausing o Metiumad M limadiANuTse wAStaINN0LE BT ALNELATEYTE
nevLaueIiadInIndenliatnesaniia (Domozych, 2015) Taanils Lsﬁmﬁ@zwuluaﬁﬁmuwﬂQN
A | a aaa ! . Y  a ada ! v
Wintiu i1 &INTIENEH Viridiplantae Nlsznauficu@elminaasngu G
1.) mmwﬂammmm chlorophyte algae)
2) nguansTalue (streptophyte) mﬂam@umﬂmmqrﬂﬂﬂmm@u ARATUTNENGN
a9l I W (streptophyte algae) wazid (embryophyte)
uanannauanguanslinlwilsenaufosaninendanunainuanuue9an Uy
Anugniinennndnileiuaiia anulAfsuiainieadings (Mesostigma viride) aminaies]
mmwﬂuﬂmm (Sceneo’esmus acuminatus) mmwmﬂumuma (Spirogyra neglecta) AARAAL
drvsevanaragnillaseasnedudion (Chara corallina) mumwmm@mm@fmmmwmu
mLmﬂ‘EmTV\ImmﬂummmwmwmummﬂLﬂuﬂ@qummqmmummlﬂmmmmqrﬁummiﬂum
tﬂl 1 1 6 ] 091 A dl =3 v dl ¥ %
nnnga lngausranguawsiniwfiduaiuieunaanainnmiansasaninwondaniuiiele
281981 7 shumnnisainddmuniaiedivdfudsmineuarinsaing vinlia i amani
annnsonusiaAtATR lwan wweReaNLN 1A 1y 598 N1911ATY AN RN TATIAT19T9
HITaSAINUNUNAIATUNN (Popper et al., 2011; Serensen et al, 2011, 2012; Buschmann and
Zachgo, 2016)
nilumasaulunazdsznaufaanadudnanlssnduéule (forilar polysaccharides) 184
all = 1 a g . % a [~3 . Aa dll a
wiaglaa (cellulose) Ngnsigeag uamisnd (matrix) uaztlsznausiaenadudnaniladatingu - Temu
WAz (Domozych, 2015)
11, LIAQlag
A a I8 a A o Y o o a rd‘d
vinglaa Aa weawinanlsfananglnanimaniufiooiusy B-1,4 Aniduarswafimasng

ﬁmmmﬂwmluiaﬂ Lsﬁmimimmwm Aanwouziili unbranched crystalline strand
Genan vaglaalulaslviiEa (cellulose microfibril) Sﬁm@mmmumimvﬁqmwﬁ (birefringence)
‘Emﬂmmmzﬁmmmmuﬁmﬁvﬁ‘qmusﬁmmmmg‘ﬂmﬂé’mnnwﬂarmgmm pseudo-color
nelfuasinanlsd (Deguchi, Tsujiib, and Horikoshi, 2006)

AefldAmngu Viridiplantae nuiaglaalulasinisaduasfilsznaunanaasimad
‘Emm%mﬁmiuimﬂﬂﬁaﬁﬁqmmzﬁmm‘éqﬁ%mzﬁmdﬁ viaglaadu (cellulose 1) luans
L"‘ﬁ@QI@@1NTﬂ?1WU§‘@ﬁﬂuﬁuﬁuLL@$ﬁIﬁ?\‘]’&95"1\‘]Naﬂm"h‘]LLMﬂﬁu&@Qﬂﬁﬂ (Domozych, 2015)
16un

1.) savaaglag (cellulose lo) Hlaseaienanuuulnsadiin (triclinic) FawylEunnlu

amdanguaaelslwe Tnannsseeuaas Sucaldito waz Camacho (2017) WL9
#4118l Cladophora rupestris Wi cellulose |y 9 88.0% waznuliluwuaiiize Ty
NI7TIENIULDY Yan LATARENL cellulose IasluLL‘]_lﬂ‘ﬁG?ﬂ Acetobacter xylinum



2) Tnaaglas (cellulose Ip) Hlaseairananuuuuiuaatin (monoclinic) ) sl
sLummmmmummaﬂTm”LWm TaeldfinneseeuBunnl cellulose Ip Furinenly
mmqmmuu (Moon et al., 2010)

Lsﬁm‘ﬂammmmeumn‘ﬂmmamma‘mm cellulose synthesizing complexes (CSCS)
"NNEILL Cellulose synthase (CesA) mummma‘mm Fin184 cellulose synthase subunit Wie
sznauiilu CSCs annsAnmlasad’nafiaeis freeze-fracture Imel Roberts, Roberts WAz
Delmer (2002) warn13Aniae Tsekos (1999) WUNNFLFe9622949 cellulose synthase
subunits NuANANai mmmﬂumuummmu

1.) rosette terminal complex (rosette TC) Usznaufae cellulose synthase subunits
319w 6 subunit #iaailune F3Usreagrananguaiy arunsanylély
Viridiplantae nguatasi Inlwe 1w anusna@diaian Spirogyra sp. (Tsekos, 1999)
war lunT Liu f]lyfsfﬂzegﬁ Vigna angularis (Kimura et al, 1999) %I\‘l rosette TC A ¥
Aupapidnnnaglas

2.) linear terminal complex (linear TC) 1sznavfng cellulose synthase subunits ‘ﬁl
Beasariuiudunsasaud 1-3 uon (Saxena and Brown, 2005) &1:1300L 16 11
Viridiplantae ieamsnenaunaelsduaznguamsinlne iy aminensiadides
Valonia macrophysa (Itoh and Brown, 1984) was Boergesenia forbesii (Kudlicka
et al, 1987) waznU LB luwUANFe 1w Acetobacter xylinum (Yan et al., 2008) %I\‘i
linear TC azdaipnzidaniaagiag

2. walansAnsragladlalasinusa
2.1 NN9EaNMAIER15L3RILES (fluorescent dye)
= . ay Ao o a @ ool A o v
A130393ua Calcofluor white uAfiannduiuluanasasnadauinan lsfnmaniuson

o 3 1 Q‘I v = '8 1 va v o 1
Wusy B-1,4 nndnatnangniianiiiaglasiiuesdlsznay denaliidfiondanaiaainnn
FeauaddunRunalFunaaniinlganuy UV (Galbraith, 1981) uananniiudanisld@tias

a d”v v a [~1 rdld o o/ 1 dl % %
fuanNga 0 lsvannuliunnmeaneduinanlsdninuse B-1,4 lusiatinanigniian’s
v TunnsANEUea Herth waz Schnepf (1980) WLMNRamad LAz 11T (bristle) Tuanvisne
Acanthosphaera zachariasi Nanag]luarnienguaaals i Hiaaglaalulasivizaainnig
1399494111131 89 Calcofluor white haZN1TAN®IUBY Herburger kag Holzinger (2016)
WUIHIUTARTDIAUINYANA Zygnema uaz Klebsormidium (3e4uasAtiniiuaes Calcofluor
white 11K



2.2 ngkgIgmaAl

7R EN1ANAaen1T 3819184 Siddhanta kazAnie (2011) Tmﬂmﬁﬂﬂmmuuﬁm@
azansrasdavimaglaauazinnaagiaal sodium hydroxide A RLdiNguW 17.5% (wiw) sm
1m‘wmu@mmqumm@mhLL@yumme‘iamwwﬂummww “1%719U 21 TTA UENANT
FanLATNN93LATIZY T203 cm-99 Wmﬂﬂ@mmummammm@mmmmLmq‘ﬂammyum
aglaalu sodium hydroxide A2 3L ENEW 17.5% (wiw) wazn 9 Iningmiy potassium
dichromate L‘ﬁ@mﬁmmﬁmhLeﬁmﬁ@mmzﬁmmm@im (TAPPI, 1999) 1114 N1991819711B
TAgan 1139 wazanmi (2560) 1E35n137LA3123 T203 cm-99 Lﬁ@mmﬂzﬁﬁmmmaqim"m
waenueniagan
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a6 aunsl wardagnisaAunsAnE

a6 aUnsol uazansiAl
1.1, dan gunsnl
1.1.1. gunsaldmiunisssyaiinftadnasniadnignu
- naevaansealliuasiuLideilsznay Nikon eclipse E100 (Nikon
Corporation, Japan)
1.1.2. Qﬂﬂﬁ‘ﬂiﬁ%’ma‘/‘]_lﬂ’]iutlﬂLL@:LW’]ZLEQJEI\‘]&’]W}’]E
- thnAuuazdude
- NARIqANIIAALAEILe
L LARILENNNATUNA 1.5 ARSARLNT
- Petri dish
1.1.3. gUnsnlduiunnsssyatia Al sa @ aneNIneuarN1ILAEREe A
ATUINIg
- Hulesind
naan N IATLTIUATANS
L AR 14 MicroCen 13 (Herolab, Germany)
- 1me §u One Touch Single-channel 0.5-10 UL Mplti uaz 2 - 20 pL Myl
(Biosigma, Italy)
- 0.2 ml PCR Tubes with Attached Bubble Caps (KIRGEN, China)
- Gel document analysis set (Bio-Rad Laboratories, USA)
- GeneJET Genomic DNA Purification Columns pre-assembled with
Collection Tubes (Thermo Fisher Scientific, USA)
- PCR machine ':ju PTC-100™ programmable Thermal Controller (Bio-Rad
Laboratories, USA)
- Stainless steel beads
1.1.4. ginsnidmiunisdnmmaglaalunivmagainiefoandesyansasil
- ﬂﬁ@ﬂﬂ@%??ﬂﬁﬂ@iﬂmﬁ‘m‘*ﬁwf Olympus BX51 (Olympus Corporation, Japan)
1.1.5. ginanidmiunisiimanziinfinnuesdlsenauaeasnadon naing
- 99mfunaN (Round bottom flask)
~ iAteeta 2 Anumiia uay 4 Aumils
- fauanieu
- BNRLEN
- ﬁuzgmvtyﬁmmm:ﬁmmm
- uﬁ@@mmmﬁbu (Desiccator)

- Condenser a¥ heating mantle



Sintered glass crucible tUa% 1

1.1.6. gunsalduiunisanaisaglagainaining

19pgLlangy 1118 250 ml uazdinines
FAaaE 2 B e 4 itk
Aavaniau
ﬁmgtyapmmmzmmm
@'Nﬁyﬁmuauqmmﬁ
uﬁ@@mmm%yu (Desiccator)

pH paper

Sintered glass crucible 1La5 1

- giUnsaldmiunismasiriinveasglaauesaiviie

1ng Ny 1u1n 250 m

Aeuansau

@'wiﬁmuquqmmﬁ

Lﬂ%‘ﬂﬂ microcentrifuge ‘g"u Spectrafuge™ 16M (Labnet International, USA)
NITANHNARBLIAN pH

Sintered glass crucible Lua7 1

1.2. A191AN
1.2.1 AITANANMTUNNTLNBALINIZLAENA1USE]

soil medium

1.2.2 A191ANAMFLIN99 YRR 8B TN NNUATNTILATERITeAY
AMUINNT

100bp DNA Ladder H3 RTU (GeneDireX, Taiwan)

10X Tris-Borate-EDTA (TBE) Buffer, pH8.3, Ultra Pure Grade (Vivantis,
Malaysia)

Green PCR Master Mix (biotechrabbit, Germany)

Invitrogen™ UltraPure™ DNase/RNase-Free Distilled Water (Fisher
Scientific, England)

LE agarose (QP product, USA)

Thermo Scientific GeneJET Plant Genomic DNA Purification Mini Kit (Thermo
Fisher Scientific, USA)

1.2.3 arawddmiunisAnsgagliaaluniiamadausefoaniesqansseil

Calcofluor white (Sigma-Aldrich, USA)
Potassium hydroxide (KOH) maatdindiu 10%

1.2.4 #N9ANAIMTUNNIILATILIMNL TN U AL 22 NALIUDINIATINTN AU

Acetone
Acid detergent

Combined permanganate



- Decahydronaphthalene (Merck, Germany)
- Demineralizing
- Ethanol A2udNEY 80% (v/v)
- Neutral detergent
- Sodium sulfite (NaSOs)
1.2.5 a1apRdmiunsanaieaglaaainaiving
- Hydrochloric acid (HCI) Aanadindiu 5% (v/v)
- Sodium chlorite (NaClO,) (Ajex, France)
- 0.1 M Sodium acetate buffer pH 4.8
- 0.5 M Sodium hydroxide (NaOH)
1.2.6 @19ARAMILNTRITiTnTedagiaatesaIming
1) Sodium hydroxide (NaOH) manudindu 17.5% (w/w)
2) 3 N Sulfuric acid



A8N9ANUUNTANEN
2.1 ﬂ’?ﬁ‘ﬁ“”‘i_lsﬁuﬂﬂQﬂ@ﬂ‘iﬁfvaI’N'&Mﬁ’]u

Lﬂ‘].l@’]‘l)iﬁ"]ﬁl"mﬂLL‘VI@Q‘H’Wﬁ??N‘ﬁ’W] UuVIﬂ‘ﬁ‘ﬂLL@”ﬂﬂJ’]ﬂL@ﬂINLﬂU QHL@@‘H‘]J‘V]LH'LI LA
@O’]‘H‘V] Lﬂ'LI u’m’]ﬂﬂ‘]:f’mﬂ‘]:fM$'1/lW\i@ﬂéﬁqutﬂﬂi‘ﬁﬂ@ﬂﬂ"}@%ﬁ‘ﬂ‘lﬁ‘ﬁLL’&\‘]LL‘LI‘]_IL‘N‘]Jﬁ‘gﬂ‘ﬂ‘]_l Nikon
eclipse E100 mezﬁmﬁmmmm"w%w identification key%@ How to know the fresh-
water algae a8l Gerald Weber Prescott (1954)

2.2 MIUENUATINNZAL AN
wendanusne iy uni-algal culture (Andersen, 2005) MR a8 U sol
medium fiannzgaumgil 25-26°C Wnaekaanaeangeaisaituiaiuam 16 daluasiadu uas
FneredatAseILaIN AR 1.5 ARssaund]

2.3 N99TUAARLR TR TIRINENUAZNNTIATZTTNAINUITIWINIG
anARLEIeAUIaA9E Thermo Scientific GeneJET Plant Genomic DNA Purification

Mini Kit Gaiifuieilélsyneudaafidueanianans aaelsnanaiuasluineaeusse s
zﬁﬁu‘?mvmﬁmﬁqﬁ%@m%fmmLL@vmﬁmmzﬁlﬁmﬂﬁmuﬁﬁwmmi ansfuLaen
AAnanune iy (gene marker) Fnuny ANNUANATRIRINIY mnmmﬁﬂumﬂw@m
Lm@wmwuwﬂmngiuﬁmmm GenBank” (https /Awww.ncbi.nim.nih. gov/genbank/) GIN
LmﬂwmmumgﬂmmL@@ﬂ%ummumL@umﬁumLm@wmwumﬂmqmmm@mmqﬂﬂﬁﬂu
N13ANEN mﬂmﬁ?ﬁmLﬁ@mLﬂ%wuﬂﬂﬁu‘ﬂmmqmqu%@gmm GenBank® Tusuft 13 e
2561 wuinFifesnsiufivanzansanisssyanatesasinefililunisinedauiu 6 fu
ol

- DNA internal transcribed spacer 2-5.8S ribosomal DNA (ITS2-5.8S rDNA)

- 18S ribosomal DNA (18S rDNA)

- 23S ribosomal DNA (23S rDNA)

- 28S ribosomal DNA (28S rDNA)

- ATP synthase beta subunit (afpB)

- ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcL)

mmfuﬁmLﬁfaﬂVL‘Wmm§z§m§umﬂ,ﬁ'uf«%mqum%wmﬂﬁué’wﬂﬁﬁ?mmisﬁ
WAALNALIA (polymerase chain reaction) AINN"TNLNIUITIUNTTH wulnsiesuazanazd
N zALseNI RN WA sNeE Fasielali]



3) 1TS2-5.8S rDNA

Forward primer: CH-ITS-F6
5’-GATTGAATGGTCCGGTGAAGTG-3’

Reverse primer: FU-ITS-R8
5’-TGGGTCACACGATGCGTAGGGA-3’

ﬂuMQu initial denaturation Wamvmu 95°C 111 30 famm mnuumm
QQ?@ULWNLE‘NWOA@’]WJH 31 701U ‘Emmumu denaturation VI@ELL‘M.ﬂlI 95°C mu
2 U mumu annealing Vlﬂmuﬂm 47° C WU 2 Wl Lmvwmu extension ‘Vl
‘ﬂELL‘MﬂiLI 66°C U1 3 u’Wl mnuummmumu final extension ‘V]‘ﬂmﬂﬂll 72°C
U 15 U (Sakayama et al., 2004)

4) 18S rDNA

Forward primer: SR-1
5’-TACCTGGTTGATCCTGCCAG-3’
Reverse primer: SR-12

5’-CCTTCCGCAGGTTCACCTAC-3’

v
o

1URADU denaturation Vl‘ﬂmwﬂu 93°C mu 1 U mumu annealing ‘Vl
‘ﬂm%ﬂll 50°C WU 2 “LJ,’WI °numu extension ‘Vl‘ﬂm‘ﬁﬂ&l 72°C U1 3 ‘m‘m mmu
28 791U (Nakayama et al., 1996; Hanyuda et al., 2002)

5) 23S rDNA

Forward primer: p23SrV_f1
5’-GGACAGAAAGACCCTATGAA-3’

Reverse primer: p235SrV_rl
5-“TCAGCCTGTTATCCCTAGAG-3’

mum«au initial denaturation mmuﬂu 94°C UNU 2 ‘m‘Vl mnuummw@u
LWN‘LG‘N’]M”’Q’]MQM 35 ?‘ﬂ‘]_l Iﬁﬁl mumu denaturation ‘V]ﬂm%ﬂil 94°C U1
20 A mwﬂﬂu annealing m@mmm 55 C mu 30 Au1A LL@.,,‘IJuWﬂu extensmn
‘V]‘ﬂm‘MﬂN 72°C 111 30 qm‘w mﬂuumﬁmumu final extension ‘Vl‘ﬂﬁwﬂﬂll
72°C 111 10 W (Sherwood and Presting, 2007)
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6) 28S rDNA

Forward primer: F-SAS1
5’-TATGGCCGTACGTGTGCA-3’
Reverse primer: R-5.85

5’-CCAAGAAATCCATTGTACAGTGT-3’

ﬂumfﬂu initial denaturation Vl‘ﬂmwﬂu 95°C UNU 3 ‘m‘m mﬂuummw@u
LW?J‘]E‘N’]ELL'Q’]H'J‘LL 35 ﬁ“ﬂ‘]_l Tmﬂmumu denaturation ‘Vl‘ﬂm%ﬂll 95°C U1U
15 Rty mumu annealing Vlﬂm‘wﬂm 45° C U 153U LL@“}JuWﬂu extension
Wﬂmmm 72°C UU 1 ‘m‘w mnuum’]mumu final extension VI@ELL‘VIJWS\I 72°C
U 5 U7 (Taylor, Bailey, and Freshwaer, 2017)

7) atpB

External forward primer: atpB-175FZYG
5-TRTWACYTGTGARGTACARCA-3’

External reverse primer: atpB-1404RZYG
5-CYARRTARAACGCYTGTTCTGG-3'

Internal forward primer: atpB-700F
5-TATGGTCAAATGAATGAACC-3’

Internal reverse primer: atpB-866R

5-CCWACTGCAGAAGGCATAC-3

EZ
o

11ARY denaturation Vlﬂmuﬂu 95°C % 20 AU mumu annealing ‘Vl

a

RIRYEAES 50°C U1 20 ’JM’WI mumu extension ‘V]‘ﬂm‘ViﬂN 72°C WU 45 qm‘w

3
o

7191 35 391 Tmmﬂumuuﬂm@mimm alpB-175FZYG + atpB-1404RZYG
uwazsaunaes e niiues atpB-700F + atpB-866R (Stancheva et al., 2013)

1



8) rbclL

Forward primer: RH1
5’-ATGTCACCACAAACAGAAACTAAAGC-3’
Reverse primer: 1385R

5’-AATTCAAATTTAATTTCTTTCC-3’

AN mmw%’%ﬁmlﬂmmm Drummond UA¥ AL (2005) mm
mumu initial denaturation Vlﬂm‘wﬂll 94°C U1U 2 U7 mnuummqa‘@mwm

q

Lﬁmmmmu 34 ﬁ“m_l Tmmumu denaturation mmunu 94°C UU 30 'JLL’W]

3
91

‘uumu annealing mmuﬂu 52° C 111 30 U murﬂ@u extension Wamuﬂm
72°C U1U 90 ’J‘u’W] mnuulmmumu final extension Vl'ﬂm'ﬂﬂll 72°CUU 4
U

NAEBLNANIRNAWIA e EuEaemaTiAn s suanne i Taeldiag ( (gel
electrophoresis) U 2% agarose gel LW@mq@mmmmmmmmwimﬂﬂmnwmﬁmu
maum‘imﬂgmm@ﬂ‘ieﬁwmLummmmmafawmmu antudsEanARTesALEwe a5
Macrogen UszinAin1ua i L‘WfammmumL@ummmmmnmmmimmnﬂgmm@ﬂieﬁwmLzufrJ
198

fhdnsuiiiweiliupmageuaugniiaskaemaRouifieuiufeysluguieya
GenBank® Tae 14T sunsu BLAST® (https:/blast.ncbi.nim.nih.gov/Blast.cgi) Tmﬂlé’ﬁﬁ’]fcﬁ;ﬂ
blastn AuFuAuIfayaresarduniiuieanguieyalnalddeyasdiumduiesns
Lﬂ%wmaﬁu ITS2-5.8S rDNA, 18S rDNA, 23S rDNA way 28S rDNA LAY blastx AREERT
’ﬁumzﬂfagmmiﬂa‘ﬁumngmgﬁﬂwimﬂgﬁfﬁmgm%ﬁﬁuﬁLﬁummmLﬂ%\‘mmaﬂu alpB Ay
rbel @ﬁﬂfuﬁqéﬁﬁuﬁL@“umﬁmmmummqﬂ’m’mLLméﬁﬁuﬁLﬁumemuéw
(NTAKRIN 2) N1TLATIZHTIINANUITUINAT ‘EmﬂmﬁmG?mrfml,mim_l%uﬁﬂuﬁu
(multiple allgnment ) Aaaldsunsn MAFFT v 7.205 (Katoh and Standley, 2013) Qﬁﬂuu
trim ANFURE I ARNUN YR Besn e Riaufuudn Tnel48nda automated WJHI‘]J?LLﬂ‘;]‘N
trimAL v 1.2 (Capella-Gutiérrez, Silla-Mart'ine, and Gabaldon, 2009) mnﬁumuqm
nucleotide substitution model &2¢113un3s jModelTest (Posada, 2008) L&3RLATITHALLAT
Maximume-likelihood (ML) Tmel4T1gunsN RAXML v 8.2.8 (Stamatakis, 2014) Uu CIPRES
XSEDE Portal (Miller, Pfeiffer, and Schwartz, 2010) wazaawuusus &aalilsunsy MrBayes
v 3.2.6 (Ronquist and Huelsenbeck, 2003)
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2.4 nadnmaaglaalunivaagaivefoandesyansseil

2.4.1 MIANHIANHTIBINTITARANUINaRaENAaIqanssail Olympus BXs1 taeli
WALA brightfield illumination

2.4.2 naAnAuaNiE hiswsaaudresaagiaalunivaadainseson
ﬂéﬁ‘ﬂx‘lﬁ@m‘ﬁ‘ﬂﬁ Olympus BX51 Tneldmaiia polarized illumination

2.4.3 naAnmAnsuzaesaglaalumisgadfiosniedqanssms Olympus BX51 tae
14natia fluorescence illumination Aaen19fiananninefioe Calcofluor white
(Herth and Schnepf, 1980)
9@ mIEaLualas van Calcofluor white 1 1ein waz KOH manuudindu 10%

198m a1enszandnalad #9185 1unft aandudesneléndesqanssminigé

unasnliauaauuy UV luiiesiin

2.5 maﬁLﬂ'mvﬁm‘]ﬁ‘mmmﬁﬂ?:ﬂ@ummma%mwmui‘m

11 sintered glass crucible 1Ua% 1 WA 50 ml @UWﬂmwﬂN 100°C Lﬂumm 1 me
uﬂzmmfammmwmmu sintered glass crucible ﬂﬂw@muﬂu‘wﬂ\‘] uuwnuﬁuuﬂ sintered
glass crucible @ﬂﬂuummui’m Cladophora sp., Microspora sp., Pithophora sp., Nitella
sp. Wag Spirogyra sp. Vimum‘muLLﬁwuﬁmﬁﬂMLﬂ?]lﬂw,l,ﬂmﬁqmugﬂ 60°C WazUAAL
azipemfaaing 18Aaz 1 g HINIATIZT TN UeIALTZNaLTBINIATINT NN AN
35994 Goering k&% Van Soest (1970) Tpeninaivinafiiunisuauialdaandunay 1y
sodium sulfite 0.5 g, neutral detergent 100 ml Wa ¥ decahydronaphthalene 2 ml L2¢i1
mm’ﬁuﬂ@ulﬁmaﬁﬂﬁmﬁﬂﬁm WnafiunanliBnandiduian 1 %qim Tnetinansaus
@W?L?NL@@@ QWEZQQHN@N‘V]?W@T]G]’JL@?@@\‘]SLM smtered glass CFUCIb|e V]Q'W\‘]'ﬂillluﬂjﬂﬂﬁ‘@\‘]
a19a11918 %1 sintered glass crucible mf;lim Sau 34 ﬂ?\‘i a4149/A9% acetone 2 ﬂ':N
mﬂ@’]ﬁ‘@”@qﬁlﬂﬂﬂWlﬁlﬂﬂ@mm’]ﬂqﬁ@uuﬂ\? lﬁ sintered glass crucible VLTJ@UV]@M%JTN 100°C
Wuiaan 12 ‘H')IJN uﬂwmmmqmmu sintered glass crucible @ﬂmmwﬂmum
ImﬂuumﬂmuuﬂwLLmrmwﬂumm sintered glass crucible AAULAZUAINITANARAE neutral
detergent #aAetiNvTnaas neutral detergent fiber (NDF) waaA1unuiidesidus NDF &4
AuandlFianaung

NDF (%) = [(C - B) x 100] / A

At C A 1w sintered glass crucible 183194 ARLE neutral
detergent (g)
B e 1w sintered glass crucible (g)
A Ae tninanvdng (@)

13



vhanwsinedsiunisaiagag neutral detergent taldaanfiunan LAY acid detergent
100 ml uaz decahydronaphthalene 2 ml i liBnandidunan 1 Falus Inenfina AR By
Ban tnediunaniInandiataudandli sintered glass crucible ”Lmﬁuﬁmmﬂ'uwnmmm
@N@’W?’]ﬂu sintered glass crucible mama‘@u 3-4 m\i 8714498 ethanol ARNLT W
80% (VIV) 2 m\‘} mmmmvmm@ﬂmaﬂmmmﬁmmw,mq 11 sintered glass crucible T4
@‘ummuﬂu 100°C unan 12 mIm uﬂmmmmmmmmu sintered glass crucible ﬂﬂ
m@muﬂwm TmﬂuummuuﬂmLLMﬂmwﬂumm smtered glass crucible Wae sintered glass
crucible ¥aINT9A&NARAE acid detergent "‘IN ﬂﬂuﬁuuﬂﬂﬂ\‘i acid detergent fiber (ADF) WA
AU e LEUA ADF LLaz‘iﬁmmmﬁﬂizﬂﬂummma%mwﬁLﬂumﬁmmﬁaa A4
AanLlAaNnaNnng

ADF (%) = [(D - B) x 100] / A
\edivwaglad (%) = NDF - ADF

Ine D Aa 1w sintered glass crucible adn9anAAL8E acid detergent (g)
B A 1w sintered glass crucible (g)
A Ao Hnainanvsne (Q)
NDF @@ neutral detergent fiber (Q)

\AN combined permanganate 25 ml a4l sintered glass crucible ﬁﬁa’}uéﬂﬂ%\‘]mu
NN9anARAE acid detergent WAY W sintered glass crucible Tunn AT LTS AuBaeL
whaitelailiamsneduiduben Al 45 il @ummmzmmaﬂ’mﬂﬁmﬁﬁymﬁmﬂLL§QLﬁN
A17920818 combined permanganate 25 ml a9l sintered glass crucible %ﬂﬂ%ﬂ ‘1719\‘115’3 45
‘Ll’Wl ﬁﬁ@’]?@ @’lﬁlﬂﬂﬂﬁ'mﬂll@mm’m’]ﬁ A19Aa8 demineralizing wmmamﬂumm
aﬂﬂuumqmﬂ ethanol A NIENE Y 80% (VV) ka e acetone ANAITRS @’mﬂﬂﬂ@fmﬁm
zqmcmmm 11 sintered glass crucible M@umfammu 100°C Liluan 12 ‘ﬂ’ﬁm 1 ldudie
mmmmmmu smtered glass CrUC|b|e 'ﬂEI‘V]’ﬂmva‘Mﬂ\‘] Tmﬂuuwﬂumuﬂmmr}mqnu
721919 ADF LL@“"LA’WWLM’]?J@QZQ’WM?’]EW]N’Mﬂ'ﬁ@ﬂﬂ@ﬂuu@ﬂﬂ ma@mwuﬂmmaﬂuu Wan
AU ST U TN e ﬂﬂi:ﬂfaummmammwLﬂu@nuu "IN ﬂ’]‘t&']ﬂé%@ﬁﬂ@ﬂﬂ’]ﬁ‘

antiu (%) = [(D - E) x 100] / A

Tne D A8 Wwiin sintered glass crucible ¥aan19aiARAY acid detergent (g)
E A8 11111iN sintered glass crucible nasgnnaniiuaan (g)
A A8 Wuinaug (g)
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1
=

111 sintered glass crucible fiamsedeitunnsanaaniiuean W luAeeHLENT
fauuAN 500°C 1uaan 4 alug ﬁﬂzduﬁ@mmmw%yuw sintered glass crucible mﬁi
@muﬂwm Taenfufininvin i umnanaiusemdng sintered glass crucible mmmmnuu
gely uaztivn sintered glass crucible NAIUKLED smm@muumﬁmaim uaztuFinsimn
VILLﬁmmﬂﬂuﬁ“”WJNuﬂuuﬂ sintered glass crucible Wa¥ sintered glass crucible NAIUKLEN
S aAatinminIAN LLmmmmmLﬂmmumﬁmmmﬂﬂﬁ?:ﬂ@mmmammwmLflummﬁm
7 uazansdu ) desduaulFainauns

waglad (%) = [(E - F) x 100] / A
16 (%) = [(F - B) x 100] / A
a1591 9 (%) = 100 - %NDF - %ADF - ifiiwaglad - lwaglaa

At E Aa 1w sintered glass crucible Ma3gnAANLEUAAN (g)
F A0 1iwin sintered glass crucible MaILNEN (g)
A Be Hnainanvdne Q)
B e 1w sintered glass crucible (g)
NDF @@ neutral detergent fiber (g)
ADF A8 acid detergent fiber (g)

NNNTAATZIINLTNNeIALsZ N LRI TN WA T AR 5 5N

2.6 Msvnmvitiinvesaaglaaluniaadaving

2.6.1. nsanaiaglagaInaIning

WNA131¢8 Cladophora sp. Wa Y Spirogyra sp. NENWN1TEL WAL UIUITN

1 d‘ d‘ a ° o o aa o .

Tdulasuwlasianmgil 60°C 4w 1 g unanaiaglaan1udsanulasann Xiang
uaTALY (2016) Iaeing e REIUNTUALAY AN NaClO, 0.8 g wae sodium acetate
buffer pH 4.8 A dixdiu 0.1 M 20 mi Tuaangtauyauin 250 mi lddretiipauas

le ° oI/ 1 | . . dl 1
AUNNNN 60°C a3 dqlus araanmeaaslu sintered glass crucible 1998 UU
1AN3ad §19811snelu sintered glass crucible faatnndaual pH dA1lseunns 7
drauieN AN NaOH Aoxdindu 0.5 M 24 mi luaangiaunauin 250 ml #ils
2 A 1l 1 091 a ° 1 1 dl 1 .
Fupuldluanatinaruanguug 60°C nnagausnantunisenaslu sintered glass
crucible lutAnovegUUEANTDY A1981m318lu sintered glass crucible W1@1191e
AN HCI A dndu 5% (viv) Taglddndauaniisig 0.25 nFN AN HCl AN 5%
(VIV) 6 ml qunmm‘wmuﬂmmﬂmmmmmmummuauﬂam ildEuauien 7ol
mmummumum Batinndua pH AANseunns 7 mvﬁmia@m&nmimiﬂ@uw
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‘ﬂmmﬁ 60°C QUL ﬁqmmﬁwﬁmq‘[mmnmuéw Cladophora sp. AT Spirogyra

3

sp. AU 3 LAY 2 E1RTNANAL

2.6.2. NMATTATRTAg IAdYRIA MY

ﬁﬁl,sngﬁm%ﬁmiﬁmn% 2.6.1 uapszaiinaedsagiaanNdAnuLaRIN
Siddhanta uazAnL (2011) leamageaumsngassartaglaauazdaieaglag
Inelddndaulzuinuiaaglas 1 g s NaOH A udindu 17.5% (wiw) 30 ml L
aungi 20°C 1luiian 2 dalug lurangdanyauin 250 mi ANty L%@@JI@@1ﬂiju
witesBaeAaaEa 8,000 rom 1lwaan 15w LA UMAIUAZAZNBUEENANTY
Tnadounznaunedarimagiaa @N@@Wﬂlﬁﬁmimmﬂmﬂ@uw pH Hpndszann 7
ausangaglaafignuni 60°C auudie mnuummmmmmmmnmnmﬂn
iaglagufia H,S0, aaidindiu 3 N 20 ml finfigniuni 80°C ihuaan 10 wifl it
mnmvrmuuml,smaim Tmﬂmﬂ‘ummmimmnmmw Cladophora a<lu sintered
glass crucible finnsaeuuganses Knafineninnduau pH flAnlszanns 7 arniuinld
aufiguuund 60°C Tnefufinnnatsngrassaraaglasuasiinsaglaafinnazneu
Gt

2.7 mwmsinsuariUlausessminaiew i sfufiiendeslunisds W lTag e
UINs1udAsll muRIA NI e Cladophora glomerata Wa s Spirogyra sp. a1
g1udiaya 1000 plants (Matasci et al., 2014) WA Rl s AR A LR i luns
NIRRT ‘MLSIJ@@T@@ TAYNIUIE WA protelnfamHy muﬁﬁuﬂjﬂ&l@ Carbohydrate -active
enzymes (CAZy) lmﬂﬁﬂi_l%umﬂummum@uw HMMER (Yin et al, 2012) anduLaen
Tﬂmu‘m@qiu glycosyltransferase family 2 (GT2) sﬁ\‘ILﬂu protein family 184 cellulose
synthase mmmﬁuiﬂiﬁuﬁLﬁmzﬁ@ﬂumiﬁamm:ﬁuﬁ@@ﬁ@a (AANWAN U) NIAATEI
AwnualTeuieuny (multiple alignment) faallsunsy MAFFT v 7.205 (Katoh and
Standley, 2013) trim AndunInesiluiinun19n FeAnuniaiautuuda Tnaldands
automated1 A2alUguNIN timAL v 1.2 (Capella-Gutiérrez, Silla-Mart’ine, and Gabaldon,
2009) @ﬂmfuﬁﬁmm protein substitution model Ane1U31NTN ModelTest-NG (Darriba et
al., 2019) uR13LATITRALAT Maximum-likelihood (ML) Tae 1 Tisunsa RAXML v 8.2.8
(Stamatakis, 2014) 1 CIPRES XSEDE Portal (Miller, Pfeiffer, and Schwartz, 2010)
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unn 4
NANISNAADY

1. M99eYTUAAIRNHUENNAUFIU
AINNITALAININEANNUNAUNEITNTIF LazinnAnEanEuenisdugiulaglindes
@mmmﬂmt,mLL‘uumﬂim@u Nikon eclipse E1OO LL@y?Wumummu&ﬂ@Wm |dent|f|cat|on key
Tmﬂmmm”ummmmmu FuAeudify an Ay LL@‘meﬁvmummm?w 1 LAZANSTUY
NFUFIUTRIA U UA AT TR Ssasielil
1) Cladophora sp.
| A o o a = . a = el o
ANNINENNANEULTUEUAENLANLAUS VINTAANNAILTLAREE AR ITNANARNANELY
Wugraun lnTuesfanuauunn Nfamaduun Aann 1a
2) Microspora sp.
| oA o o AN e o o - =~
amseniansziiuduasniliuanuaue waduaneusiuginsnsyuean mimaguung
anerouzusa H A9 1b
3) Oedogonium sp.
| oA o o AN el o . = o
auenfanssiududnei liunnuans Aaalsnanafian s usaum numasgeni
\uduaegasumau Benan apical cap WalastyAuTmANAInNUmasALRUSINALEE (oogonium) uay
LIARALRUEULLIE (antheridium) AINIW 1c
4) P/tho,ohora sp.
avinefindnsusdudugefiuanuane viladiinatetanand AaelsnandRIaNsUL
Figaun HlndunsfanuauNnn wu akinete Aty vegetative spore H31liapdnadadies Aendiv
WAZKIEARYUU AININ 1d
5) Nitella sp.
| al'al o o o c |V rai 1 . . b4
aienNanszitwiang wasUdeadwmadinen Tdwy corticating cell §aN3a1 WUNNT
uanfivatanunsiuwieansaude Asalsnanadiiuginanuuy wumagauwugwag (globule)
AYUBLIARALNUSINALTE (nucule) N3 corona cell A11AL 10 AR AININ 1e
6) Spirogyra sp.
1 a‘ld o 73 dl 1 ol o al o
auienRanerusituduaenldunnuane paalsnanadiansisidinang fanw 1f

17



A 1 awaesdunanelindesganssailiusuuuidalsznay

(a) Cladophora sp. (b) Microspora sp. (c) Oedogonium sp.
(d) Pithophora sp. (e) Nitella sp. (f) Spirogyra sp.
anATLAnlA99a314 apical cap
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1
=

F19799 1 N199UTRAANMIIBTALANUNAIN TN

Fauay Com ol s NENTA
Y o Jupaulnny A0UNAL ana ,
NUNELATE{LIL AN
13 NINYIAN AMUNDNEANART 11U , AMINAUNGN
N1tUawn 05 , e o o o Pithophora sp. -
2561 FNAN Samdniealan Aaals s
N mmﬁquﬂwmmﬁ? , AMINENQN
N1tUaLN 06 14 a3NAN 2561 e A . Nitella sp. -
NAINTINMINENAE At Tm
N mmﬁquﬂwmmﬁ? , A1MINENQN
NEYAUN 07 | 14 Aa3UIAN 2561 v - . | Oedogonium sp. -
NAINTINMINENAE Aaals s
20 WeAANNe L QanIUNGN
NNLYAUN 09 WU A9MIALNY | Cladophora sp. i
2561 Aaals s
NATTINENEAERT , ANINANGN
N1tU_Ln 10 15 WN3AN 2562 ¢ - o Microspora sp. -
NAINTINMINENAE Aaals s
ANLALNTH B1LNBUNTN , AUINENgH
N1tUARN 11 16 UNTIAN 2562 e o = , Spirogyra sp. -
andniTe vy an3L T T s

2. ﬂ’]‘a‘LLEIﬂLL@%LW’]xLa‘yﬂﬁﬂ’]M%’]ﬂ
arnnisuand I iy uni- -algal culture LL@”ﬂ’]?LW’]”Lgﬂ\i@’mﬁ"miu soil medium ‘7;
mmqy@mmu 25-26°C SLMLL@QQQEIM@?J@W@@@Lﬁ‘@LsﬁuWMuQu 16 ‘ﬁQIﬁJﬂﬁl‘ﬂQu LR memmmma
mewummmmm 1.5 AATFALN VL@N@@QG]’]?’NV] 2

[3]’1‘3"1@‘17] 2 ﬂ’ﬁ‘LLEIﬂLL@‘ZLW’]%LEH\?@’]M&”IH

J - ) nsuana e i nsNziaeeauie lu soil
TeANYNANARS . . |
uni-algal culture medium 283 uni-algal culture
Cladophora sp. g1u130uenLlu uni-algal culture MR ANTINNZIAE LA
Microspora sp. arunsauanidu uni-algal culture 16 ANNNTONZLARG LA
laigunrauanidu uni-algal culture 16
Oedogonium sp. | #a9ann culture YuFae laenTuwupaiiize -
nazmanLay Microspora sp.
Pithophora sp. arunrauanidu uni-algal culture 16 ANNNTONZLARG LA

Spirogyra sp.

arunrauanidu uni-algal culture 16

ldanunsamnziasslé

Nitella sp.

garunrauanidu uni-algal culture 16

d” 1%
@”IN”I?HLW’WL@ENVL@
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3. NM39euTNAALR BTN IUAZNITIATIEABINANUITAUINSG
f-mﬂma‘l,ﬁw%mqw,ﬁ%wmﬁu ITS2-5.8S rDNA, 18S rDNA, 23S rDNA, 28S rDNA, aitpB
uae rbel luanuing Cladophora sp., Microspora sp., Oedogonium sp., Pithophora sp.,
Nitella sp. waz Spirogyra sp. feilf)isengnldnediuaisa LAZNARALINANNFANAIL AT SN
ﬂumfmmmmmamnmnmﬁﬂﬁﬂmﬂ%L@@‘uu 2% agarose gel [loRsIaEa LI ATRIHANRAT L
AnMafiNduLAEme ERasen T 2 e ntudeusnantesmiEwe v duaidue wudn
aEnsoTnddLAEwe i 5 faeng Fapned 3

d‘ QI [ dl = % a v
NN 2 NZQﬂW?LWN@’\MQHLV’W?@\‘]MN’]HEH@QHL‘Vlﬂuﬂﬂ’\?ﬂ’]?LLﬂﬂV]’\\ﬂ‘V\lﬁ’ﬁﬂﬂhjL@'ZQ
(1),(5) DNA ladder (2) Cladophora sp. 23S rDNA (3) Nitella sp. 23S rDNA
(4) Spirogyra sp. 23S rDNA (6) Microspora sp. rbcL (7) Spirogyra sp. rbcL
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dl o o a @ dl = 1 dl F =
ANTNN 3 ANPLABLELDUATEIMNNE BRI UA a9 1 NN s ANED

FAANENARRS

LATRINNE
=
gl

ANAUALEUL

ANNEND
AR
AL (bp)

Cladophora sp.

23S rDNA

5-GGAAGCTTGAAATGACTTGGACTTTACTATGCGCAGTATAGGTGGGAGGCTATGAAAATATTCTTGC
GGCAATATTTGGAGCCATCAGTGAGATACCACTCTTATTGTGTTAGATTTCTAACTTTGCATCATTATCTG
GTCAAAGGACAGTTTCAGGCGGGCAGTTTGACTGGGGCGGTCGCCTCCTAAACGGTAACGGAGGCG
CACAAAGGTTTCCTCTGACGGGTAGAAATCGTATCTAGAGTGTAAAGGCATAAGGAAGCTTGACTGTG
AGACCTACAAGTCGAGCAGGGACGAAAGTCGGTCTTAGTGATCTGACGGTGCTGAGTGGAAAGGCC
GTCACTCAACGGATAAAAAGTTACTCTAGGGAAAAAGGGGCTTGAA-3

384

Spirogyra sp.

23S rDNA

5-AGATCTGAGATTGGCTTTGGGCTTCTCTTGCGCAGATTAGGTGGAAGGCGAAGACGATATCCTTCCG
GGGATGTAAGAGCCACCAATGAGACACCACCCTAGAGAGGCTAGAATTCTAACCCTATACCTACTAGA
AGGTTAGGGGACAGTCCCAGGTAGACAGTTTCTATGGGGCGTAGGCCTCCCAAAAGGTAACGGAGGC
GTGCAAAGGTTCCCTCAGGCTGGACGGAAATCAGCCATCGAGTATAAAGGCAGAAGGGAGCTTGACT
GCAAGACTGACACGTCGAGCAGGGACGAAAGTCGGCCTTAGTGATCCGACGGTTCCGAGTGGAAGG
GCCGTCGCTCAACGGATAAAAGTTACTCTAGGGATGCCAGGCTGAACAAG-3’

385

Nitella sp.

23S rDNA

5-CGTTCTGTGATTGGGTTGGGCTTTTCCTGCGCAGCTAGGTGGAAGGCTTAGAAGGTCTTTTTCCGGA
AAGACTGGAGCCATCAGTGAGATACCACTCTTGAGAAGCTAGAATTCTAACCTTATGTCGTTTCCGGCT

AAGGAAAAGTCTCAGGTAGACAGTTTCTATGGGGCGTAGGCCTCCCAAAGGGTAACGGAGGCGTGCA
AAGGTTCCCTCAGGCTGGACGGAAATCAGCCATTGAGTGTAAAGGCAAAAGGGAGCTTGACTGCGAG
ACTGACTCGTCGAGCAGGGACGAAAGTCGGCCTTAGTGATCCGACGGTACCGAGTGGAAGGGCCGT

CGCTCAACGGATAAAAGTTACTCTAGGGATACAATGCTGACAAA-3’

380
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AITHNENT

N I . | ATaeuNne N . .
N AL ARAINEINANAR T ~ AALUALALLE AL
G B
AL (bp)
4 Microspora sp. rbel. 5-AAGGCTAGCTGCTGAAAGCTGTCGTAGAAGTTATCGATTAACTTATTATACGCCAGACTACATTGTT 1038

AAAGATACTGTTATTCTTGCAGCTTTCCGTATGACTCCACAACCTGGCGTTCCACCACAAGAGCGCGG
GGCTGCAGACCCCATGAGTCTTCAACAGGGACATGGACTACAGTATGGACTGATGGTTTAACTAGATT
AGACCGTTATCAAGGTCGATGCTATGATATCGAGCCTGTACCAGGTGAAGAAAACCAGTATATTGCATA
TGTAGCATACCCACTAGACTTGTTTGAAGAAGGTTCAGTTACAAACCTATTTACATCTATCGAAGGAAAC
GTATTCGGATTCTAAGTTTTGCGTGCACTACGATTAGCAGACTTACGTATTCCACCTGCATATGCCACCA
CTTTACAAGCGCCTCCACACGGTATTCAAGTGGAACGGGATAAACTGAACTAATATGGGCGTGATTAAC
TAGGTTGTACAATTAAACCTAAATGAGGTCTTTCTGCTACAAACTATGGACGTGCTGGTTACGAATGAGT
ACGTAGAGCTCTAGACTTTACTAAAGGCGATAAAACGTTAACTCACAATCTTTCGTGCGTTGGAGAGAC
CGTATCCTATTTGTATCTGACGAGCTGTATCATGCTCAAGCAGAACCAGGAAAAACCCAAGGGCATTAT
TTAAATTCGAGATAGCCACTTGTACAAGAAATGCTACGGCGTCCAGATGTACGAATGAACTAGAGGTAC
CTTTTAAACGCATGACGATATGACTAGACGGCTCACTGCACATACTAGCCTGCAAATCACTGTCGTAAG
CAGGAATTCTTCTATACGGTCACTGTGCCAAGCCGCGTATACCACGCCGTATAGATACACTGTATACGC
TCACGTGGATACGAAGCAGTACGTATGTAAAGTTGTAGCCACTCAGACTGTAGTACTGATTTGTAACGA
GAGGCGAACAGCAGTGACTCTAGTCTGTTCACTAAGAGTGAGATGTTTGTACAAGAACGAGCCTAGAA
GCTCT-3
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AITNEN

A B o | wAgeanune s e m AP
ANFU | TEANHNANERS - AFURALD ..
gl ALALL
(bp)
5 Spirogyra sp. rbol. 5 AGGGGGGCTGGCATTAAGCAGGGTAAGATTATAGACTTACATATTACACTCCTGAATACGAGACCAA 1065

AGAAACTGATGTTTTAGCTGCATTTCGTATGACTCCTCAGCCTGGAGTACCACCTGAAGAAGCAGGTGC
TGCTGTAGCAGCTGAGTCTTCTACAGGGAACATGGACTACTGTTTGGACAGATGGACTTACTAGCTTGG
ATCGTTATAAAGGAAGATGTTATGATATTGAACCTGTTGCTGGAGAAGAAAATCAATACATCGCTTATGTA
GCTTATCCTCTAGATCTATTTGAAGAAGGTTCTGTTACTAACTTATTTACTTCTATTGTAGGTAACGTATTTG
GTTTCAAAGCACTTCGAGCTTTACGTCTAGAAGATTTACGTATTCCTCCTGCATATTCTAAAACCTTCCAAG
GTCCTCCTCATGGAATTCAAGTAGAAAGAGACAAGATCAATAAATATGGCCGTCCTTTATTAGGTTGTACT
ATTAAACCTAAATTAGGATTATCTGCTAAAAACTATGGTAGAGCTGTATATGAATGTCTTCGTGGTGGTTTA
GATTTTACAAAAGATGATGAAAACGTAAACTCTCAACCATTTATGCGTTGGAGAGATCGCTTCTTATTTGTA
GCAGAAGCTATCTACAAAGCACAAGCAGAAACCGGAGAAATTAAAGGGCATTATTTAAATGCTACTGCTG
GTACCTGTGAAGAAATGCTAAAAAGAGCAGAATATGCTAAAGAACTAGGTGTACCAATTATTATGCATGAC
TATTTGACAGGTGGTTTTACAGCTAATACTAGTTTAGCTCATTATTGCCGTGACAATGGTCTTCTTTTACATA
TCCCCCGTGCTATGCACGCAGTTATCGACAGAAAGAAAAATCATGGTATTCATTTCCGTGTATAAGCTAAA
GCTTTACGTATGTCTGGTGGAGACCACATTCATTCGGGGACTGTTGTAGGTAAACTTGAAGGGGAACGTC
AAGTAACACTTGGGTTTGTAGAACTTTTTCCCGGAAAAATTAATATTAAAAAAAAAACGCAACCCCCGGGG
AAT-3'
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UNa1AUAIEuede 5 FaateniagaaasuAINgniiesAtenifFa e uiudayal
g udaya GenBank® Ineldldsunsn BLAST® IneldAN44 blastn AuiuAunndeyateaisu

U

L&

[ v

Aduweangudeyaleelifeyaaduniduevearsesmnngtiu 23S rDNA Ay blastx 4&1M5UAUMN

4

YoyarestilsiuanngudieyalnslitioyaddudGuereatesmnnstiu ool ANt ALY
L@ﬁmwmuquﬂﬁmLmzz%m“uﬁLﬁul,mﬂ\m’ma'w (NMANKAN U) N1FLATIZFTA99AIU
Adunng Ien13aniFeanwmalFaueuiu (multiple alignment) #aalilsunsn MAFFT v 7.205
trim a1 AU S weTHIUN19A Faes uniaRiauiunga TnaldAn&s automatedt Faaltlsunsy
timAL v 1.2 A11904 nucleotide substitution model Aaelsunsa iModelTest WRALATNZ R8T
Maximum-likelihood (ML) Tnailfltsunsu RAXML v 8.2.8 1w CIPRES XSEDE Portal Wazaa Uiy
foeTisunas MrBayes v 3.2.6 1HukuniaeAan133muwInTg (phylogenetic tree) Fall

1) ATRIMNNLEY 23S rDNA 1894111978l Cladophora sp.

Y v
o a A

AINUNBYNIANUITIUINIG WUI18U38l Cladophora sp. AFuAne a5l faonu
&3 mTEan9AanuRTmunnIsiuanuIne Cladophora sp. RINN13AN®N284 Jiang (2017) N1n
ﬁzﬁm Fann 3 %uﬂuﬁq@ﬂwmmwmnme{ﬂu%gmaw‘mﬁﬁﬂ anigawiini Tnedlen
bootstrap clade support WL 93% anNn153lAzfaaeda Maximum-likelihood waz 1.0 a1n
NN9AATITRULILLLE

NANA 3 UNBNHNAIIUITEIUINITURIA11NE Cladophora sp. NATINANNAIALALEULETB
LAFEINNEEY 23S rDNA T93LANL1iAaERT Maximum-likelihood wa&AsAN bootstrap clade support
a cY as . . . ac e
ANNNNTILATIEIAREIE Maximum-likelihood LAZATILLILILLIE
A o | \ o o = o &
* AR AaRENAUINY Cladophora sp. N luN1ANEATIT
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2) LATRUNNEEL 23S rDNA 1894111918l Nitella sp.
a '8 a o 1 | . dl 2 = qg// dg/d va
ANUELARMAIUITIMUING WUda e Nitella sp. NlE AN ATl HAonulndda
\E9ANUITINUINN9LAMI AN A Chara N1nAiga Gatluauiandnat lunedinaaii A9
dl a 1 o a 8% ax] . . .
N 4 Taadien bootstrap clade support (1AL 0 ANNNITAUATIENAIEIE Maximum-likelihood
WAL 1.0 ANNNTALAIITRULLILLE

dl a Ly N o 1 . dl A O o A & dl =
Nnn 4 LLNHQNQQWQWHQQWH’]ﬂ’]?m@Q@qM?qH Nitella sp. NATINANNANAUALDULATDILATAINNILIEIL
23S rDNA 3431AT12WR283T Maximum-likelihood L&MA9A1 bootstrap clade support a1NN1 9

a cY as . . . as e
WATIZVAIEIG Maximum-likelihood LLAZAALLLILILLIEI
* fa Faadnaauine Nitella sp. Al unnsAnsATl
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3) Lﬁ%‘ﬂwmﬂau 23S rDNA 28321118 Spirogyra sp.
AINLNUNHNAUITUINIT WUINE U8 Spirogyra sp. A uAnEnA%ed Ay
In&TmiTer9dN A TmuINITiLduIY Spirogyra sp. AINNNTANENIUEY Sherwood BAZANLE
(2014) Mﬂ%m FaNNT 5 %I\iLﬂuﬁfmﬁiw@’]m"’mﬂﬂﬂLLM@I\‘I‘Lf’ﬂua‘/ﬁmeﬂ anigeLaTn Tneid

A1 bootstrap clade support WL 36% Aa1NN133LATIEHRA287E Maximum-likelihood waz 1.0
AINNIIATITRLILILLIET

DANA 5 WNUARIAIIUITIBINFURIAINEY Spirogyra sp. NAFIIAINAIALALEULETD
LATBINNEEY 23S rDNA T93LANLHiAaERa Maximum-likelihood ka&AsAN bootstrap clade support
a cY as . . . ac e
RINN19LATINENALNT Maximum-likelihood WALATULILILLE]
A o \ ' X JRpy = o &
* PR AIRENNAUINY Spirogyra sp. N M lUNNTANHIATIN
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4) Lﬁ%‘ﬂwmﬂau rbcL URNAUINE Microspora sp.

AMNUHUYHWANUITMUINIG WL 1138 Microspora sp. ﬁig‘ﬂuﬁﬂmm%\ﬁ:ﬁmmﬂu
f1AU Sphaeropleales %aim’mmm@zqsﬁﬁmmmmué’m% fan i 6 TneilAn bootstrap clade
support Wiy 100% a1nNn153LAT1ZHRAL838 Maximum-likelihood WAL 1.0 A1NN1TALATIZH
WULLLE

DANT 6 WHUAYHINAINUITIUINITIDIAINENY Microspora sp. NAFINANNANALALEULA T
LATRIMNNEEU rbel T9AAINTRALE3E Maximum-likelihood L&ASAN bootstrap clade support AN

a cY ac . . . == &
NITILATIZVIAEIIE Maximum-likelihood LLAEAGLLLILILLIE
* fn Faatnaauie Microspora sp. 7 M lunnsAnEnATadl
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5) Lﬁ%‘ﬂwmﬂau rbcL URNAUINE Spirogyra sp.

AINUNUYRINANUITIMUING WUINEMEe Spirogyra sp. ﬁi%hﬁﬂmm%qﬁﬁmmﬂu
ana Spirogyra §q1ﬂ@quqﬁm@zusﬁﬁm°ﬂﬂqmwf‘wvl,to”w Fan1ndi 7 TaaflAn bootstrap clade
support WL 46% a1nNn133LAIIZIRLERE Maximum-likelihood Wag 0.9 aMNNMTALATIZLLL
L]

DANA 7 WNUARIAINUTTIUINIFTAIEI M98 Spirogyra sp. NAZINAINAIALALEULATE
LATRIMNNEEU rbel T9AAINTRALEAE Maximum-likelihood L&ASAN bootstrap clade support AN

a cY ac . . . aal &

NITILATIZVIAEIIE Maximum-likelihood LLAEAGLLLILILLIE
A o \ ' X JRpy = o &
* PR AaRENNAUINY Spirogyra sp. N M lUNNTANIATIN
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4. nMsANETAglad I UNTILTARAINSIEAIANARIAANTTATL
= o s 1 ¥ 1% I A a . . . . . dl
AMNNNIANERIEadd e faendevqanssrllagldimatia brightfield ilumination e
AnEANEUTIeINIi A s WU audannalinnuaeunn1slsng1euiaaaTeag LT
TUUBNGALBITAR FININ 8a 8d 8g 8] 8m LAY 8p
anNNsANE NS aRTasa e faandesqanssmilaaldinalia polarized illumination
e AnuIAaNR lLEWsauiaamaglas wudn Usnuduuangatedasaudenauaay
1970 pseudo-color Tuifludnmuzaenissngaesaagliaaiisnnniisaad #ann 8b 8e 8h
8k 8n a¥ 8q
d” = o & ] % 1% A a
uananinirAnErtiigagresaIuIefounassqanssatiingldinaiia fluorescence
illumination faannsfian Calcofluor white Wi41 U3IIIEUUBNGATASLTARAN T EYNTRANNNS
Fouaddniiu Melsiunaenuiinuased AanIn 8c 8f 8i 8l 8o WAz 8r TIUAAIINNILIN 28
iiaglaalurimadradannse
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Dl 8 Nwresdvdanelindesqanssaifagmatiagiag o

(a)-(c) Cladophora sp. (d)-(f) Microspora sp. (g9)-(i) Oedogonium sp. (j)-() Pithophora sp.
(m)-(o) Nitella sp. (p)-(r) Spirogyra sp. (a),(d),(9),(j),(m),(p) WALiA brightfield illumination
(b),(e),(h),(K),(n),(q) mALA polarized illumination (c),(),0),0),(0),(r) wAdA fluorescence illumination
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5. MRz NIuaIAlsEnauaRINIRTINTNEIUS 8
a g & = 1 1 oy 1
ANNsATziadAlszneuanINatanwauianguaaalslwe laun Cladophora sp.,
Microspora sp., Pithophora sp. uazausnanguainsiialns 16un Nitella sp. waz Spirogyra sp.
Tae1 1435970 Goering waz Van Soest (1970) WULFNIMEIALTNALLDINIATININANNILAS
AT 4 LAZNINT O
\ = - = dl o all | e
amine Cladophora sp. HifsunesAlsznevgasuaadanmiiiluansdu o wnige winiuy
46.26% 399891170 11aglad 11 wiiaagladuas@niiu ARAWNTL 15.92%, 15.80%, 7.28%
WAY 3.49% ANNANAL
' . = - = A = A | o
a3 Microspora sp. HisunmuedAtlsznavgasaadan niiiluansau o snige windy
62.08% 7998NA8 LaNLIaglad waglaa Antiuuaziiin F9NANNAY 34.92%, 8.06%, 0.67%
WA 0.65% ANNANAL
C - . - - 4 4.
AM38 Pithophora sp. HiFN1nueeALsznavaesuaagan niduansau - 1niige winy
42.08% 8989NAe airaglaa waglaa Antiuuaziiin 9lA WAL 33.97%, 19.58%, 3.5%
WA 0.87% ANNANAL
. , - . - o o o e
auine Nitella sp. Hisuniesdtlsznauresnaaganiniiuansau <) Nanfge iy
73.79% 3099N1A8 Laglad wiimaglas uasAntiu T9NAWNTL 12.68%, 10.94%, 1.48%
WA 1.11% ANNANAL
. , - . o o d.' 4.
a8 Spirogyra sp. HtfFN1nevALsznauresnaaTan mIuaTaU o nnge Wiy
75.72% 309898178 1adiaaglag Liaglas Aantuuazilin MNANYINTY 12.22%, 7.97%, 2.63%
UaE 1.46% ANNANAL

dl c @ s & = 1
FIN31NY 4 bUaS T RA LN UBIAL TN A LUBINIATINTNAINTY

wWasidus wadifusian . e s e .
- , I 4 s weddusion | Wesidusang
FUARININE waaglagieds * | wagladiens | o . 4 1 4 1
anuuant (%) At (%) | 81 ) Laatl (%)
(%) (%)

Cladophorasp. | 34.92+269° | 7.28+092° 349+198° | 8.06+0.9% | 46.26+3.00°
Microsporasp. | 15.80+0.22° | 1592+0.63° | 067+0.69° | 0.65+0.35° | 62.08 +0.51 "
Pithophora sp. | 19.58 +0.62° | 33.97 £5.51° 35+095% | 0.87+£0.34° | 42.08+6.72°
Nitella sp. 1268+1.31°% | 10.94+0.87> | 1.11+043° | 1.48+£1.08° | 73.79+2.29°
Spirogyra sp. 7.97+053° | 1222+£365% | 263+0.84° | 1.46+£040° | 75.72+3.06°

waNe AN SNy rRainmaniniusaaalutesusnsaNIiia e uAnsiniuet Nl i A Aty e

Aas luuuasaianBFauiaufaeia LSD (P<0.05) lnafanusiunns1aiulanddnlnanswnnsneiiasned

HadnAtyn1eaia

* AMIENIRARA U 5 T
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90

80

(%)

70
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a

SNAUUBININTANIN

50

40

30

20

1Funuagmls

10

waglaa (%)  adimaglad (%) anilu (%) W81 (%) 98 1 (%)

. Cladophora sp. Microspora sp. . Pithophora sp. . Nitella sp. . Spirogyra sp.

NN 9 1BNnIeIAlsENeLIBINIaTAN AN e 14 lunnsAnen

LLNuﬂﬁLwi\‘ime\‘iﬁ’lL'ﬂalﬂ +S.D. mfa\nﬁmmmﬁﬂﬁxﬂ@uuq@%qnﬁwﬁqﬂ?xﬂ@uﬁfmLeﬁmim wHimaglaa anilu @i
LL@vm'i'ﬂu 7 mﬂqmmfm 5 95in THun Cladophora sp. (@) M/crospora sp. (mmm) Pithophora sp. @Bz
aau) Nitella sp. (aumu) WAy Spirogyra sp. (mmmtﬂm) S 5 91 AAENHINEISINGEANTIANLARIAN
muﬂumfaLmnmqnuﬂmmuﬂmﬂmmmmLfama TaeifasnmsfuAnsnefuLanII T ALLANAN TUegneg
WedATYNalA * LansanuuANAaealiad1Atynieaia (P<0.05) Whauiaufoada LSD
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6. MsAATIENTLATRLTARIAR LUK TARAI U E

annnisanaaglagaIna1nsne Cladophora sp. WAz Spirogyra sp. fa8A5AALUAIA1N
Xiang WaTAMY (2016) warni1sdipsncitiinaevaaglaaaesainsng Faeansmuladann
Siddhanta uazAne (2011) WULE‘NWML"TJ@@JI@@L@?ﬂlﬂ@’mﬂ’]ﬁ‘@ﬁ/ﬂ nstsngresdarmagladuas
nstsnguesdinnaaglaa P31 5

#11318 Cladophora sp. ﬁﬂ'wL@§mﬁmmmmﬂmﬁ%mnmmﬁm 0.3307 g LATWLUNNT
ﬂmﬂmmmagimﬁwﬁmﬁmﬁmqim ANNTN 9a ?ﬁlqmmmimﬁmmﬁmhLmq‘ﬂmi’ﬁwhﬁu
96.66% 189 Bannutaglaanarin e uaziinisaglad fanw 9c Seuanddedimizaglaad
aza et NaOH Aauldindu 17.5% (wiw) wargnannznauiag H,S0, ANHdNdy 3 N Sty
funw 9b Faflunnriaunisanaznas %ﬁaimmmimﬁ‘mmﬁmmmﬁmiﬁ

#1918 Spirogyra sp. ﬁm"]Lﬂ?ﬂlﬂﬂ?ﬁmmm@@limﬁiﬁmﬂmmﬁ“ﬂ 0.0277 g LATWLNT
ﬂ:ﬂﬂgLmaqi@mﬁwﬁmﬁmmLsmqi@mmxﬁmtﬁﬁ@@ﬁm A9 9d Az 9e AN Fvlaignanan
FniBunndanaaglaauaziinnmaglasls

p1979% 5 Ennouaglasiaasainnisainuaznistsngresaaglagusiazaiin

Bnouaaglaa
SeAnenmnang NANUBIAINIE \BAEAN davltaglas | Dnnmaglas
n19&anm (g)*
Cladophorasp. | awsanguaaalslns | 0.3307 + 0.0034 + +
Spirogyra sp. | aminanguawmsilialwel | 0.0277 + 0.0006 + +

* @198l Cladophora sp. WAz Spirogyra sp. NaUau 3 LAY 2 T1ANNAAL
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a 4 a ' =] a aa @ o 4
7. msaasizunsuanslinuuasavsaivamldssuninasdaslunsdansizni
Linglad
annn1sumeuansdinnasa1usne Cladophora glomerata Wag Spirogyra sp. A1n
gudieya 1000 plants wazadunInaziiluninesalunisdunssiaaglas (AAuwaN 1)
N1TATIZIRETE Maximum-likelinood THLAUARAMUWITINUINIG AININT 10 WLFNAAL
nanazdiluuiieaniiu 2 ngu Al
1) Tusauninendaslunisdunnmzimaglagainiva arnsienguamnstlansuas
fetiNauIE Spirogyra sp. A1NF11A8YA 1000 plants
I S o - Aa e . )
2)  Tsauninendeslunisdunsziiaaglagannuuaiiie faeeaamie Spirogyra sp.
uwazAnetieg e Cladophora glomerata Mg udiaya 1000 plants

d‘ a g a o a dl dl & o o Qi v ° o
NNy 10 LLNHQN’Nﬂﬂ’]uquuﬁﬂﬂﬁ‘ﬂl‘ﬂﬂiﬂﬁ‘mumLﬂEIfNJ@\‘isLuﬂ’\ﬁ‘@ﬂLﬂﬁ"]tﬂLsﬁ@@JI@@W@ﬁ"]ﬂ@’Wﬂ@’]ﬂU

nInasiluLaIa NI Cladophora glomerata, Spirogyra sp. WAz cellulose synthase YR AT T8
amaanslin inAuasiafaeis Maximum-likelihood

* fin Faatnaa e Spirogyra sp.

# A Faatineding Cladophora glomerata
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unNn 5
anUsrananisAnE

1. ﬂﬂ%‘LLEIﬂLL@%LW’]SLEEN@’]M%’]EI

AINNITLENA1UT18 Cladophora sp., Microspora sp., Oedogonium sp., Pithophora sp.,
Nitella sp. Wag Spirogyra sp. WLAN@ N19WEN Cladophora sp., Microspora sp., Pithophora
sp., Nitella sp. WaE Spirogyra sp. Tiflu uni-algal culture 16 waldatunsouen Oedogonium
sp. Wity uni-algal culture 14 UaNaNN Rl AN IO UNETIN TS Oedogonium sp. AU
UNNENNEFAANTTUN Oedogonium sp. NNAATLHaIRLsenaLraaNIatan Ina e Lé

@Wﬂﬂﬁ?LWﬂ:Lngqué”m Cladophora sp., Microspora sp., Pithophora sp., Nitella sp.
WaE Spirogyra sp. Wufiﬂzﬁﬂuﬁﬁ‘ﬂLWﬁngﬂ\‘l Cladophora sp., Microspora sp., Pithophora sp.,
way Nitella sp. 11 soil medium @019 H 25-26°C TKAIAILUADANYDDLIALTUAIUI
16 Faluesiadi LazRne N ARELAERINUEINATNA 1.5 AnsAaunTilE wazldannsg
LWWVLE”?N Spirogyra sp. W $497NNNIANEI89 Munir LATANY (2015) WU AN TNz Ay
E]‘ﬂﬂ’]ﬁ‘L“’Qﬁ‘ﬂ.lLﬁl‘LlIWﬂﬂﬂ Spirogyra sp. ﬂ@ NN LZQEI\‘]I‘LA Bold Basal medium ‘ﬂm‘lﬁﬂll 24-28°C
AN pH Wiy 7.5 Hlassnenaanngenlsaimus Faanailunuanislunisinng L@m Spirogyra
sp. Aall

2. N35EYTRAAELR BTN IMASNISIATISMBINANUITHUINSG

mﬂmﬁ:mam’mﬂﬁ%%%ﬁmmLmzmﬁLmﬁ:ﬁlﬁmaﬁqmﬁﬁmmmi’mﬂmﬂﬂ'm
f%mqumd"}ﬂwmaﬁu ITS2-5.8S rDNA, 18S rDNA, 23S rDNA, 28S rDNA, atpB LWa< rbcl T
#141718 Cladophora sp., Microspora sp., Oedogonium sp., Pithophora sp., Nitella sp. Wa
Spirogyra sp. WL AN DA A NER YRR B g AUAE e lEanNe 5 Faatne TEuA
md"al@wmaﬁu 23S IDNA Tug1s e Cladophora sp., Nitella sp. W) ¥ Spirogyra Sp. AT
meﬁmﬂﬂu rbcL ABIA1INE Microspora sp. Wag Sp/rogyra sp. Tmﬂmﬂm\mm@'ﬂ WU
Talgnunsnfindruauatemmneuld wiasfnulasaninzimunzasudo

ANNNIAT AT RN A AR T0IRLEIETS 5 FraehaaufuAAUALSwaTeq
A11T78 (NNANWIN 2) WL ANARA LU0 9LAERIVLNE Y 23S rDNA lugnming Cladophora
sp. THE ALTEPY PP 2, PP It TC RERY- 1 T LR RPe CIP PPIe Yy Cladophora sp.
(unpublished, NCBI accession number MGMG021094.1) ANNNIFANHUD Jiang (2017) 41N
figo %'qLﬂuﬁq@mmwiﬁmmmegﬂu?gl,mﬁmiﬁﬂ anigaufing awidne Nitella sp. 7l
miﬁﬂwm%ﬁﬁmm%ﬁ%mﬁmqﬁmuﬁf‘fmmm@ﬁumm’mm@ Chara mnﬁ'a;m Faduaming
ﬁ@"ﬁ@fﬂuqqﬁﬁmﬁu LACHANAAA LT LATRIMLNEY ool luanvine Microspora sp. et
IuﬂWiﬁﬂMﬂ%\aﬁﬁmghﬁuﬁu Sphaeropleales @1119181 Spirogyra sp. AN ANATTE]
mmin?@f%mL%mqﬁmuﬁf‘immmiﬁumuéw Spirogyra sp. a1NN19AN®1284 Sherwood LAY
ALY (2014) mm/mm agnelafinnuldainnsnsy mumm@mmmmmw Nitella sp. U8y
Microspora sp. I (i Lummﬂﬁmmmmmum@ummmLm@wmmmmymmwmqmmmm
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3. msAnEEaglad LU REIUSIEAIENABIAANTTAL
=S o & ] % % A a . . . . .
”‘]qﬂﬂ’]?ﬂﬂﬂqmuﬂLsﬁ@@@’]ﬂ?qﬂﬂQﬂﬂ@ﬂ\i'ﬂ@VI??ﬂuﬁﬂﬂﬁlsﬁLmﬂuﬂ brightfield illumination,
polarized illumination A< fluorescence illumination W‘].Iﬂ’]?ﬂﬁ?’m{]ﬂm\iL"]’ja@liaﬂiuﬁ’nmﬂ\‘i
e asenanane liand@nuine Cladophora sp., Microspora sp., Oedogonium sp., Pithophora
. . = 3 o 3 = ¥ o
sp., Nitella sp. Wag Spirogyra sp. mmzﬂmLﬂummﬂizﬂ@ﬂummmm TIRDAAARINUNA
N3ANENU8 Herburger ka¥ Holzinger (2016)

4.  nsiAseTlBunuesadsenataasnlaiamnaudng

nsAnEN LU AN BN eeAlsEne LT sNATIN HE M ENAR Cladophora sp.,
Microspora sp., Pithophora sp., Nitella sp. Was Spirogyra sp. dupfausn Tael¥AEann Goering
LAz Van Soest (1970) WU mmwmmﬁmmmmﬂ?”ﬂammm@mmwwLﬂumm‘mmmn
‘Vl@mmmjumwﬂ Ag Cladophora sp. (34.92%) P/z‘ho,ohora sp. (19.58%) was Microspora sp.
(15.80%) zﬁmmwmﬁrmmmmﬂim@mmmammwLﬂumuLma‘immmmmmmuml,wﬂ
Ag Pithophora sp. (33.97%) Microspora sp. (15.92%) Wwas Spirogyra sp. (12.22%) mmwmu
Lﬁémmmﬁﬂizﬂfaum@qm@%qmwﬁLﬂuaﬂﬁuum%mmmﬁmm A% Pithophora sp. (3.5%)
Cladophora sp. (3.49%) Way Spirogyra sp. (2.63%) amieRRBuineedlsznenaednag
Fannd Lﬂmﬁwmﬁqmmmﬁm wsn A@ Cladophora sp. (8.06%) Nitella sp. (1.48%) WA
Spirogyra sp. (1.46%) muémﬁﬁﬂ?mmmﬁﬂ@:ﬂfam@qm@%qmwﬁLﬂumi%"uj mrﬁ?‘izgmmu
TpLsn Aa Spirogyra sp. (75.72%) Nitella sp. (73.79%) wax Microspora sp. (62.08%)

fleuBaufeuiBunnesdlsy ﬂ'ﬂU‘ﬂ’ﬂﬁNfJ@%fJﬂ’]WﬁlLﬂuLGH@@I@ZQLL@ siadinaglagaes
Cladophora sp. W‘Llfm Cladophora sp. H1Fuueeddsy ﬂﬂummmmqmwwLﬂum@@‘i@@
wnndadiaglag i SR AN 34.92% uag 7. 28% AINATAL sﬁqm@miﬁﬂwmmmmmﬂu
N19AN®1289 Muztar, Slinger Waz Burton (1978) mﬁﬂmmmmm@m Cladophora glomerata
AoeRnIsLmeaniy LL@zwmﬁmmmﬁﬂi:ﬂﬂummm@%amwﬁLﬂuvm@ﬁmmﬂd’uaiLsmgfll@m
TaafAmINAL 30.8% WAz 3.6% AMNANAL

Feiteuifieunisinentiunnesdlssneuresnatanmiilumaglages Microspora
sp. nudn tinnmassilsznevansnadanmilduaaglaaminiu 8.06% delutaquiudlainy
m@ﬁnmﬁﬁmmmﬁﬂi:ﬂfaum@qmqa%QﬂﬁwlumﬁuéwﬂmaﬁyLwiwum@ﬁnmﬁmmmmﬂ@miu
aveTiALanLetTatRe Tedsznaudaganninadiden Ulothrix sp., Microspora sp.,
Stigeoclonium sp., Oedogonium sp., Chlorella sp. b8 ¥ Scenedesmus sp. Taanwusuatu
asFlsznaurasuaadanndlidumaglaawinfu 7.10% (Ververis et al., 2007) farunnsAnmil
fadunnsneusniidneisaglaalumiisasuesaminaans Microspora

@11318l Pithophora sp. ﬁﬂ%mmmﬁﬂi:ﬂ@mmma%fgmwﬁLﬂum@@uimwiﬁu 19.58%
ﬁﬁlﬂuﬂwﬁuﬂ"\ﬂﬂwum:‘ﬁﬂmﬂ?‘mmmﬁﬂi:ﬂ@mmm@ﬁmmwﬁlummw@q@iLLm'W‘u
miﬁﬂmm@@ﬁ@zﬁﬁw X-ray diffraction analysis (Pearlmutter and Lembi, 1980) ﬁmfumiﬁﬂm
Haaflunsinmusnidnesaglaalunilusadresavsneana Pithophora

awine Nitella sp. SBunouesdisznevaesunadanmiiduaglagwiniy 12.68% delu
ﬂ@@;ﬁuﬂ”ﬁﬂwumiﬁﬂmﬁmmmﬁﬂ3tzﬂfa‘um@qmm%f;mwﬁlummwmmﬁLeriwumiﬁﬂmm?
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Favirengaglaalnisalugadifeaesannuing Nitella opaca (Neville and Levy, 1984)

v
@ o

alunsinmiaadunsAnsusniidnesaglaalumiuaduesainaana Nitelia
#1318l Spirogyra sp. ﬁﬂ?ﬁmmmﬁﬂi:ﬂ@mmma%qmwﬁlLﬂumaqiammﬁu 7.97% 4

lutlaquuglinunsAnmBinnesdszneuresnaianinlugmsnaanad uinunisine
ﬂ?mmwmqiméﬁm Spectrophotometric method 483 Spirogyra sp. (Eshaqg, 2010) ﬁu‘fu
miﬁﬂm?jﬁqLﬂumiﬁﬂ‘mLLﬁ?ﬂ‘ﬁﬁﬂmLeﬁaqimlumﬁqLﬁmﬁmmmuémm@ Spirogyra

WnaTannRTugnsaL “| 989 Spirogyra sp. HUFNIMWINGL 75.72% 29INATININ 413
a1 1 Haunanssmanlusiu anflulawsn uazlefu foiluesdsznevaessadaming an
n13AN®184 Tipnee, Ramaraj waz Unpaprom (2015) l&Anm11sunuresllsiu anflulawmsm
wazlviuluamine Spirogyra varians wudntBualsmiu A Flulawmss wazlusiumindy 12.0-
24.4%, 42.8-62.0% Uaz 14.8-21.0% veaiminueasinauAnGL %Iqma?mmﬁ”@:ﬂmﬂgslu
dautlsznausne ) 109184 LAZAINNNTANETR Eshag uazAnz (2010) TiANI a0
mm@slu mumlage sheath muu@ﬂmm@mm Spirogyra sp. fingl Spectrophotometnc method
NUB AN aTNALATINANESAGT TR 4.2% waz 2.7% Retiwiinutenednming
ANANAL

lunsneiinuinsinnesdszneuresnaianmassgminarainaiinniduaglag
i’i@ﬂﬂdf\iﬁmmmﬁﬂixﬂ@mmm@%qmwﬁﬁLﬂum@@ﬁ@a wiy daTwe Anymauazuaiiadalgs
fefiBunnesflsznevaasunadanniidumaglaalag 1438nsesziain Goering ua Van
Soest NANINTU 32%, 58% WAL 68% AINANAL (Thygesen et al., 2005) mmqﬁmuémﬁ
Bannesdilsznevaesnaianmiliueaglaatiesnifimiuenaiinainnisilasiaiieses
naas @ nie i A ndudeutiaandnesiamasng (Popper et al., 2011) Aaududautiasndn
mmmﬁqmaﬁmué’mﬁﬁmmmmﬁ5@\1ﬁuéﬂmuﬁﬂuﬁmmmiﬁuqﬂﬁuﬁ?‘ﬁzﬁ”\imm:ﬁma@uim
Lazanstlaznatiau 7 lwstlaiag i N13ANEUR9 Appenzeller WAZARLE (2004) WL F1qine
fifiu CesA Mifentiesiunisdunmsiisaglaauazarunnnnadeeiaans cellulose synthesizing
complex AU 12 Elu Glumm::‘ﬁlmm?ﬁﬂwwm Roberts, Roberts Lag Delmer (2002) WL91
anmsne Mesotaenium caldariorum Fadluanminanguansd Il i CesA e 2 Buwiniiu

5. MsIAsIsuTnradaglad luNafaInse

annisnziTiinveatagiad luiumadanrsne wuan Spirogyra sp. way Cladophora
sp. Hdanmaglaauazinnaaglaaiuesdisznay m@ﬂmngmm@@ﬂqLsn@@‘ll@mt,mum
iaglaalu Spirogyra sp. umﬂuiﬂmmmummmiﬂifmgmm rosette TC 1ummmm@ﬂmﬂg
pasdanmaglaguazinuaaglaalu Cladophora sp. vyl uldminannfgau (Graham et
al., 2016) fahuiteAnmenudul1Flumsmnpeesdniagtastu Cladophora sp. §fin
ARV NaATL InNT898MINe Cladophora glimerata (Matasci et al., 2014) i Talstsy
1’7iLﬁm%]faﬂum?zﬁ“qLﬂi’]ﬁﬁ@@@@@ﬁiﬂiﬂ

aInnsAAIinauaaitinuaas C. gimerata (Matasci et al., 2014) Taglfdayaiaulasd
CesA finuluituazausenguansuinlne uazeulad BscA finuluwuaiide sauiullsiud

1 o v ndl o g Qi ¥ o . a .
m%mﬁmwﬁlumimLm’wmeﬂ@@ji@@wimmm’]?m annotation nuaATUIANYAY Spirogyra
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sp. WAz C. glomerata (Matasci et al., 2014) wud1 anaunsaasilunsaanidy 2 nquatng
Faiau fand 10 Usznaudiae
1) mjmmiﬂﬁﬁuﬁ'Lﬁlm%@ﬂumizﬁ“\iLmﬁzﬁm@q‘lﬁammﬁmLmeuéwn@:mLmﬂimVLWr;T
(CesA) An1738961294 cellulose synthase subunit 7Ai@andn rosette TC LAYANN19D
duanzidnmaglas
2) ﬂdmm‘ﬂﬂ??}uﬁ'Lﬁlmgﬁ@ﬂumﬁqLmﬁzﬁlﬁﬁmiammt,l,mﬁﬁ?ﬂ (BcsA) HnNeBesnues
cellulose synthase subunit ‘VlL';Tf;mfm linear TC LmymmmmLm‘ﬂyu@m\hmmim
nsinsmaziluansausny Spirogyra sp. ﬂmﬂg@ﬂiuﬂmm@ﬂﬂimum@mﬂmuLﬂufl,ﬂ
MINANNAFIUN17L9INI 124 rosette TC UAL linear TC wardanAdadiunistsngresdann
inglaguazinaaglaaainuanisnmzitinaesaglas i maga g
atnslafimuainuanisiiaszimauaaslinuaes C. glomerata wudn nsnaziiluaes C.
glomerate Usngeslunguaastisfiuarnuueiidawini Jansdsngiatsiuiiiagdu
BcsA © Mmm@@mmmmmm@ﬂiﬁﬂmm linear TC Tuanuenguanals s uslisanndas
funansameiriaaesaglaalumingadaminalunsAnmil
nadliiganpiessanantanaiinannsuaatdinuaes C. glomerata 714 lunsdine
13J1°ﬁmm@m?rﬂ‘[muﬁmmqmLﬁu@ﬁl,ﬁummwnﬁuslumummmmém C. glomerata fa8198
annisAns lugudeya 1000 plants sansnndmsataduenfiiuelurnsiitiu CesA lifing
uansaan lneil C. glomerata 17 CesA uaz BesA tlfianusmadanananansadaasmzidar
aaglaauazuingaglaaliainnimnmsisiarestaglaglunisinmii adnelsfimniuann
nsAnEAupB1nIndEannaile freeze fracture audailaqiiiil lainunnanangues rosette
7C Tuauiangueaals lduazuuainise
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UNY 6
agUnanisdnm

1. NM9TeyIUAAILANHUEN AU

ANNN9TEYTRAMI B AN EHUEN19EUT Y ‘W‘udﬂmfm’mwa‘zmﬁmimzﬁum@iﬁﬁwum 6
afin 1HuA Cladophora sp., Microspora sp., Oedogonium sp., Pithophora sp., Nitella sp. IWag

Spirogyra sp.

2. ﬂﬁ%‘LLEIﬂLLﬂzLW’lzLayﬂﬂﬂ’m%’]ﬂ
AINNITUENA1UT8Y Cladophora sp., Microspora sp., Oedogonium sp., Pithophora sp.,
Nitella sp. W% Spirogyra sp. WUINAIN1I0LEN Cladophora sp., Microspora sp., Pithophora
sp., Nitella sp. was Spirogyra sp. Wil uni-algal culture & LALANNNTDINALLA LN A el
Cladophora sp., Microspora sp., Pithophora sp., W@ Nitella sp. 44 soil medium @m%@qmuqﬁ
25-26°C lfiuasfnnannngeaisairusaiuay 16 Galuesiedu uaziineniafaiAany
ANN1ATUNA 1.5 ARTAAUNT LK

3. N99sYTRAAILR BTN IUASNISTIATIEMBINANUITAUINSG
MﬂmﬁxumﬁmEif;ﬂﬁ?iﬂ%%fmmLmzmﬁmm:ﬁlﬁqwﬁmuafj“mmmigmﬂmﬂﬁm
A1UIULAEAINNNT U WL1 Cladophora sp. A AN AT TaulndTaEenedanu
AL Cladophora sp. aanNTsANENU84 Jiang (2017) mm’?’iqm @918 Nitella sp. 7%
‘Luﬁﬂwﬁﬂ%\ﬁ:ﬁmmiﬂé’%mﬁmaﬁmuﬁ&mmmiﬁumm’wm@ Chara snfige Tuduamine
ﬁﬁmq’ﬁlmqﬁﬁmﬁu 414318 Microspora sp. ﬁi’-ﬂuﬁﬂwm%ﬁj%ﬂg‘tuﬁuﬁu Sphaeropleales

Beliannsnszyatale uazaudne Spirogyra sp. N lANHIATIE HANInATAEI9AY
ATUNNN9IIU Spirogyra sp. AINNNTANEIT8Y Sherwood WATATUY (2014) mnﬁzgm

b

4. MsANELEAgLAad NI IAREN UL A NARIQANTTAT
= s 6 1 v v v a . . N . .
AINNNAN KT aRa1MieAfeNAadaanssAtliagldmaila brightfield illumination,
polarized illumination LA fluorescence illumination W‘]_Iﬂ’]ﬁ?ﬂa‘ﬁﬂ{]ﬂ@\‘lL"“ﬁ@@ﬁ@zﬂumﬂﬁ VIAR
A8

5. msaAseviliunuasalssnauaasniadantnansns

ANNN9ILAIN T BN e AL SN OLITBINIRTANINAN NI E WL Amsa AT BUA
asAaznauesaataniiluaaglaalasdesannuingelliienga 1¥un Cladophora sp.
(34.92%) Pithophora sp. (19.58%) Microspora sp. (15.80%) Nitella sp. (12.68%) k& <
Spirogyra sp. (7.97%) ANNAAL andnefifiBunmesdlszneauresnagan i fuad
inglaalaamasannunngaliliiasge 16un Pithophora sp. (33.97%) Microspora sp. (15.92%)
Spirogyra sp. (12.22%) Nitella sp. (10.94%) wax Cladophora sp. (7.28%) ANNANAL angned
fiBunnesdlszneusesnatanmiiduaniulneasannunngalutionan 1un Pithophora

(3.50%) Cladophora sp. (3.49%) Spirogyra sp. (2.63%) Nitella sp. (1.11%) W& < Microspora
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sp. (0.67%) ANNANAL avsneRTiBunnesflznesveanadanmiduinlaaBeasannunn
anlifiasgn 16un Cladophora sp. (8.06%) Nitella sp. (1.48%) Spirogyra sp. (1.46%)
Pithophora sp. (0.87%) Waz Microspora sp. (0.65%) AMNAAL ATt uesflizney
J9uaTan NI AN TEL 7 TnaGasanungalliiasan 16un Spirogyra sp. (75.72%) Nitella
sp. (73.79%) Microspora sp. (62.08%) Cladophora sp. (46.26%) Wa% Pithophora sp. (42.08%)
ANNANAL

6. MsATIERTATaLTaglaR UK TARAUsTE

a1nn1siAziainvediaaglaalunilaitada1usne wWuan Cladophora sp. baE
Spirogyra sp. ﬁviifﬂvmxhngimumﬁmm@@‘ﬂm atnglsfignunisnudanaglaauazing
\aglaa’li Cladophora sp. fuﬁithflﬂmmmﬁﬂmmiﬂmﬂgmm linear TC wazn1slsng
aslsiuiiiesteslunsdunnsiisaglan
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tyun gUassALazIalauaLUL

Tdanmnsaiiasnuausamineiuresauseliasynaiia Adddanansassysiinlusss
aD341K FefiAnmenakunindoyaniteunefufiansassysinlussfuaiiduns
avinausazans wiethdlafnuguieyadnduRiSueseutesmneiuazanined
RMUIUANA

@138 Oedogonium sp. HFuNalsileanasani1stinudemediBuinesslsznauaeg
NIATININ LATAININE Microspora sp., Oedogonium sp. WAL Pithophora sp. AFunouly
Wieanasanistinudasirinreaagiaaluniiunadauing lesannanuseiiinidu
aeAtlszneLTemadinnuazi A NiuA fuinieliamsneiBuniemesenis
UINIATIET Eiﬁm:mm@Lﬁulﬁmmmuéﬁmmmqu Ae IneAuninanas e
ZRUREEERT AL RVERT WAL ALANMSN AN UMATINE TN TeuvaatiTisanzaNlunns
Huamineduaasaziluunaninfiazenauazilaineaiaiifeansineatoyiiuln
AU INNENTTALREN

95104 Xiang uazaniz (2016) ldanunsnliannizaglaauesaiving Nitelasp. 14
AanashuAi AR Wearnaglaganamineiiail

annate i nesdilszneuaasuaadaninaming wudn arusiedldlunnsdine
pSeiihafimaglaniluesAsznenaesaadann detlaqtunisinulsiuiineatedly
nsdammyiiaimaglaaluaiuianguaaalsiiuazawmsllnlnddsauasu ot
nsdneiadisaglaaluausranguaaelsinfuazamsinlnfazamnsoifinansiuas
pNdnladdmuinisnisdaingreaaiiaaglaslung i

nouaAUInd i unseesinisiuilifestesunsdunnsiisaglagannauasid
ImNa89 Cladophora glomerata Waz Spirogyra sp. gaNdaanin N lfnan1saameianaly
auysnl finmnaeensldilusmesa e lunsinezinisiui Aesdedunisdunsad
vinglagdrusunisdnenluaunae
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1. Neutral detergent

GIN Ethylened|am|netetraacet|0 acid (EDTA) 16.18 g az Sodium tetraborate decahydrate
(Borax) 6.81 g ldludninef LmummumiﬂWfﬂﬂ?”mm W ldFAnauazatannn anduazans
Sodium Iauryl sulphate 30 g quﬂ LLZM LmJ 2-ethoxyethanol 10 ml laludninesanly wn
mm‘vmwmmuﬂmmmmmuﬂu mnuum Disodium hydrogen phosphate anhydrous 4. 58 g
laluiininef Lmuuﬂﬂ@u@\ﬂﬂW@ﬂ?”mm Lmeiﬂmmu@”mwmm mnuumummwmﬂmmm
ludininesrewniind UsunBunaslilé 1 ams Faetinau uazyu pH Tiiae]lutas 6.9-7.1
2. Acid detergent

azangy Cetyltrimethylammonium bromide (CTAB) 20 g. 134 1 N Sulfuric acid 1 w&a1/5u
sn1msfae 1 N Sulfuric acid WA 1 liter
3. Saturated potassium permanganate

A¥aNt Potassium permanganate 50 g Wa e Silver sulphate 0.05 g Tutinnau udalfu
B 118 1 liter Aasifinansazanefilumauiodauasfinulougaunn
4. Lignin buffer

ALAY Ferric nitrate nonahydrate 6 g WAL Silver nitrate 0.15 g sl,uﬁyﬂﬂzibu 100 ml LAN Acetic
acid glacial 500 ml LN Potassium acetate 5 g WaZLAN Tertiary butyl alcohol 400 ml AGEUb It
g
5.Combined permanganate

NANAIATA1Y Saturated potassium permanganate iU Lignin buffer Tugmsd@au 2:1 (Viv)
ANTLALANTAY @”]F;ILLI‘LL?JQﬁLLﬂ'JZW’]LL@“’M’]NI@‘HLL@QLL@@ mmm”@’mLﬂ@ﬂmﬂummmmm
anunsninan 1laan
6. Demineralizing

arane Oxalic acid dehydrate 50 g sl,ulij’mzﬁ;u 700 mi mmfmﬁmiyﬁﬂa;u 250 mlae
Hydrochloric acid 50 ml uguliiLdinmi
7. Ethanol AMNLINTYR 80% (V/v)

N@H ethanol ANLENTY 95% (v/v) 843 m Sutindi 157 mi udaien 1iidnmu
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ATAKNUIN U

accession number



NANWIN
accession number ARIAINSIARINSLNITILASIZILTINAMUINIUINNG

A1919% U1 accession number 19ANUNEN M N33 LATIZIITII AN ULATDINNIIEU 23S rDNA

YRN8 Cladophora sp.

accession number

FAINLAART

=
TNEURTLREA

MF683076.1*

Aegagropila linnaei

16S ribosamal RNA gene, partal sequence

AJ544763.1 Cladophora capensis Large subunit ribosomal RNA gene, partal sequence
AJ544753.1 Cladophora coelothrix Large subunit ribosomal RNA gene, partal sequence
AJ544754.1 Cladophora coelothrix Large subunit ribosomal RNA gene, partal sequence
AJ544755.1 Cladophora dotyana Large subunit ribosomal RNA gene, partal sequence
AJ544756.1 Cladophora dotyana Large subunit ribosomal RNA gene, partal sequence
AJ544728.1 Cladophora horii Large subunit ribosomal RNA gene, partal sequence
KX421223.1 Cladophora sp. JC1 Large subunit ribosomal RNA gene, partal sequence
KX421224 1 Cladophora sp. JC2 Large subunit ribosomal RNA gene, partal sequence
KX421225.1 Cladophora sp. JC3 Large subunit ribosomal RNA gene, partal sequence
KX421226.1 Cladophora sp. LC1 Large subunit ribosomal RNA gene, partal sequence
KX421227 1 Cladophora sp. LC2 Large subunit ribosomal RNA gene, partal sequence
KX421228.1 Cladophora sp. SQW1 Large subunit ribosomal RNA gene, partal sequence
KX421229.1 Cladophora sp. SQW2 Large subunit ribosomal RNA gene, partal sequence
KX421230.1 Cladophora sp. SQW3 Large subunit ribosomal RNA gene, partal sequence
KX421231.1 Cladophora sp. ST1 Large subunit ribosomal RNA gene, partal sequence
KX421232.1 Cladophora sp. ST2 Large subunit ribosomal RNA gene, partal sequence
KX421233.1 Cladophora sp. XA1 Large subunit ribosomal RNA gene, partal sequence
KX421234.1 Cladophora sp. XA2 Large subunit ribosomal RNA gene, partal sequence
AJ544761.1 Cladophora laetevirens Large subunit ribosomal RNA gene, partal sequence
MG021092.1 Cladophora sp. isalate Large subunit ribosomal RNA gene, partal sequence
JIAC-WT-Filamentous 2
MG021094.1 Cladophora sp. JIAC-WT- Large subunit ribosomal RNA gene, partal sequence
filamentous 2

AJ544757 .1 Cladophora ordinata Large subunit ribosomal RNA gene, partal sequence
AJ544764.1 Cladophora rupestris Large subunit ribosomal RNA gene, partal sequence
AJ544752.1 Cladophora sibogae Large subunit ribosomal RNA gene, partal sequence
AJ544760.1 Cladophora vagabunda Large subunit ribosomal RNA gene, partal sequence
MK863366 Cladophora sp. 23S ribosomal RNA gene, studied Cladophora sp.

* A outgroup
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AN9149% U2 accession number AAIANMINEN 1 1IN13ILATITIITINNAINULATAIUNNLIEW 23S rDNA
YRIRUINE Nitella sp.

accession number

TAINLNAERT

a
TEATLREA

23S ribosomal RNA gene, partial sequence; and

internal transcribed spacer 2, 4.5S ribosomal RNA

KGK0468

AF033652.1 Chara australis gene, internal transcribed spacer, 5S ribosomal RNA
gene, and 5S-tRNA-Arg intergenic spacer, complete
sequence
KM676582.1 Chara braunii 23S ribosomal RNA gene, partial sequence
KM676700.1 Chara braunii 23S ribosomal RNA gene, partial sequence
KM676701.1 Chara braunii 23S ribosomal RNA gene, partial sequence
KM676785.1 Chara braunii 23S ribosomal RNA gene, partial sequence
Chara drouetii strain

HQ380560.1 23S ribosomal RNA gene, partial sequence
KGK0467
Chara foliolosa strain

HQ380561.1 23S ribosomal RNA gene, partial sequence
KGK0333
Chara foliolosa strain

HQ380562.1 23S ribosomal RNA gene, partial sequence
KGK0341
Chara foliolosa strain

HQ380563.1 23S ribosomal RNA gene, partial sequence
KGK0393
Chara foliolosa strain

HQ380564.1 23S ribosomal RNA gene, partial sequence
KGK0428
Chara haitensis strain

HQ380565.1 23S ribosomal RNA gene, partial sequence
KGK0483
Chara haitensis strain

HQ380566.1 23S ribosomal RNA gene, partial sequence
S/T076
Chara haitensis strain

HQ380567.1 23S ribosomal RNA gene, partial sequence
TAMPS80
Chara haitensis strain X-

HQ380569.1 23S ribosomal RNA gene, partial sequence
901 23S
Chara hydropitys strain

HQ380571.1 23S ribosomal RNA gene, partial sequence
KGK0340
Chara hydropitys strain ) )

HQ380572.1 23S ribosomal RNA gene, partial sequence
KGK0466

HQ380573.1 Chara rusbyana strain LG | 23S ribosomal RNA gene, partial sequence
Chara zeylanica strain

HQ380575.1 23S ribosomal RNA gene, partial sequence
KGK0343
Chara zeylanica strain

HQ380578.1 23S ribosomal RNA gene, partial sequence
KGK0403
Chara zeylanica strain

HQ380579.1 23S ribosomal RNA gene, partial sequence
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accession number

TAINLNAART

a
TEATLREA

Chara zeylanica strain

HQ380580.1 23S ribosomal RNA gene, partial sequence
KGK0709
Chara zeylanica strain X-
HQ380581.1 315 23S ribosomal RNA gene, partial sequence
EF426578.1 Nitella sp. 00221 23S ribosomal RNA gene, partial sequence
KM676696.1 Nitella sp. 1 AS-2014 23S ribosomal RNA gene, partial sequence
KM676743.1 Nitella sp. 1 AS-2014 23S ribosomal RNA gene, partial sequence
KM676762.1 Nitella sp. 2 AS-2014 23S ribosomal RNA gene, partial sequence
23S ribosomal RNA gene, partial sequence; and
internal transcribed spacer 2, 4.5S ribosomal RNA
AF518405.1 Nitella mucronata
gene, internal transcribed spacer 3, and 5S ribosomal
RNA gene, complete sequence
Chloroplast DNA for transfer RNA-Ala, transfer RNA-Ile
X52737.1* Coleochaete orbicularis
and 23S ribosomal RNA
MK855396 Nitella sp. 23S ribosomal RNA gene, studied Nitella sp.

* Ag outgroup
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AN919% U3 accession number 19ANUNEN M N33 LATIZIITIN AN ULATDINNNIEU 23S rDNA
YANANIVE Spirogyra sp.

accession number

FAINLANRRT

=
TNERTLRLA

EF426579.1 Spirogyra sp. 00509 23S ribosomal RNA gene, partial sequence
EF426580.1 Spirogyra sp. 00554 23S ribosomal RNA gene, partial sequence
EF426581.1 Spirogyra sp. 00237 23S ribosomal RNA gene, partial sequence
EF426582.1 Spirogyra sp. 00239 23S ribosomal RNA gene, partial sequence
KM676568.1 Spirogyra sp. 9 AS-2014 23S ribosomal RNA gene, partial sequence
KM676571.1 Spirogyra sp. 9 AS-2014 23S ribosomal RNA gene, partial sequence
KM676572.1 Spirogyra sp. 1 AS-2014 23S ribosomal RNA gene, partial sequence
KM676575.1 Spirogyra sp. 6 AS-2014 23S ribosomal RNA gene, partial sequence
KM676578.1 Spirogyra sp. 6 AS-2014 23S ribosomal RNA gene, partial sequence
KM676581.1 Spirogyra sp. 1 AS-2014 23S ribosomal RNA gene, partial sequence
KM676583.1 Spirogyra sp. 7 AS-2014 23S ribosomal RNA gene, partial sequence
KM676584.1 Spirogyra sp. 9 AS-2014 23S ribosomal RNA gene, partial sequence
KM676590.1 Spirogyra sp. 7 AS-2014 23S ribosomal RNA gene, partial sequence
KM676597 .1 Spirogyra sp. 9 AS-2014 23S ribosomal RNA gene, partial sequence
KM676602.1 Spirogyra sp. 8 AS-2014 23S ribosomal RNA gene, partial sequence
KM676604.1 Spirogyra sp. 9 AS-2014 23S ribosomal RNA gene, partial sequence
KM676606.1 Spirogyra sp. 6 AS-2014 23S ribosomal RNA gene, partial sequence
KM676627.1 Spirogyra sp. 8 AS-2014 23S ribosomal RNA gene, partial sequence
KM676628.1 Spirogyra sp. 8 AS-2014 23S ribosomal RNA gene, partial sequence
KM676629.1 Spirogyra sp. 8 AS-2014 23S ribosomal RNA gene, partial sequence
KM676649.1 Spirogyra sp. 5 AS-2014 23S ribosomal RNA gene, partial sequence
KM676652.1 Spirogyra sp. 5 AS-2014 23S ribosomal RNA gene, partial sequence
KM676655.1 Spirogyra sp. 5 AS-2014 23S ribosomal RNA gene, partial sequence
KM676660.1 Spirogyra sp. 9 AS-2014 23S ribosomal RNA gene, partial sequence
KM676668.1 Spirogyra sp. 9 AS-2014 23S ribosomal RNA gene, partial sequence
KM676670.1 Spirogyra sp. 9 AS-2014 23S ribosomal RNA gene, partial sequence
KM676672.1 Spirogyra sp. 9 AS-2014 23S ribosomal RNA gene, partial sequence
KM676674.1 Spirogyra sp. 9 AS-2014 23S ribosomal RNA gene, partial sequence
KM676684.1 Spirogyra sp. 5 AS-2014 23S ribosomal RNA gene, partial sequence
KM676694.1 Spirogyra sp. 9 AS-2014 23S ribosomal RNA gene, partial sequence
KM676716.1 Spirogyra sp. 5 AS-2014 23S ribosomal RNA gene, partial sequence
KM676722.1 Spirogyra sp. 2 AS-2014 23S ribosomal RNA gene, partial sequence
KM676723.1 Spirogyra sp. 2 AS-2014 23S ribosomal RNA gene, partial sequence
KM676733.1 Spirogyra sp. 1 AS-2014 23S ribosomal RNA gene, partial sequence
KM676738.1 Spirogyra sp. 1 AS-2014 23S ribosomal RNA gene, partial sequence
KM676754.1 Spirogyra sp. 6 AS-2014 23S ribosomal RNA gene, partial sequence
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accession number

FAINLARAT

=
TNEURTLRLA

KM676755.1 Spirogyra sp. 2 AS-2014 23S ribosomal RNA gene, partial sequence
KM676768.1 Spirogyra sp. 3 AS-2014 23S ribosomal RNA gene, partial sequence
KM676769.1 Spirogyra sp. 8 AS-2014 23S ribosomal RNA gene, partial sequence
KM676770.1 Spirogyra sp. 4 AS-2014 23S ribosomal RNA gene, partial sequence
KM676771.1 Spirogyra sp. 4 AS-2014 23S ribosomal RNA gene, partial sequence
KM676789.1 Spirogyra sp. 7 AS-2014 23S ribosomal RNA gene, partial sequence
KM676794 .1 Spirogyra sp. 1 AS-2014 23S ribosomal RNA gene, partial sequence
KM676795.1 Spirogyra sp. 2 AS-2014 23S ribosomal RNA gene, partial sequence
KM676796.1 Spirogyra sp. 1 AS-2014 23S ribosomal RNA gene, partial sequence
KM676813.1 Spirogyra sp. 1 AS-2014 23S ribosomal RNA gene, partial sequence
KM676570.1 Spirogyra maxima 23S ribosomal RNA gene, partial sequence
KM676641.1 Spirogyra maxima 23S ribosomal RNA gene, partial sequence

KM676576.1*

Zygnema sp

. 1AS-2014

23S ribosomal RNA gene, partial sequence

MK855399

Spirogyra sp

23S ribosomal RNA gene, studied Spirogyra sp.

* Ag outgroup
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M131971 24 accession number AR4ANUIEN M 11NN53LAT AT I9AINULATRIMNNIEY rbcl URaa11INe Microspora sp.

accession number

FAINLARRT

=
TERTLREA

HQ246355.1 Acutodesmus bajacalifornicus strain ZA1-4 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT003371.1 Ankistrodesmus densus strain CCMA_UFSCar 128 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
HQ246361.1 Acutodesmus deserticola strain BCP-YPG-Char Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT369399.1 Atractomorpha echinata Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
JQ394814.1 Ankistrodesmus falcatus culture-collection UTEX:101 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT355769.1 Ankistrodesmus fasciculatus culture-collection Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
personal:Christina Bock:CB 2012/3
KT833570.1 Ankistrodesmus fusiformis Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT355759.1 Ankistrodesmus gracilis culture-collection UFScarCC:470 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF113407.1 Ankyra judayi strain CH92 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF113413.1 Atractomorpha porcata strain Hoffman Lemoncove 4 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT833573.1 Ankistrodesmus spiralis Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF113409.1 Ankyra starrii strain UTEX 2158 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF113406.1 Ankistrodesmus stipitatus strain SAG 202-5 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT355749.1 Ankistrodesmus stipitatus culture-collection UFScarCC:278 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
GQ985398.1 Bracteacoccus aerius strain UTEX 1250 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
JQ259862.1 Bracteacoccus aggregatus strain G2-3 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
JQ259866.1 Bracteacoccus bullatus strain BCP-CNP1-VF16 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
GQ985402.1 Bracteacoccus cohaerens strain UTEX 1272 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
JF717388.1 Bracteacoccus cohaerens strain BCP-SRS2VF3 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
HQ246366.1 Bracteacoccus giganteus strain ATA1-4CV4 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
JQ259885.1 Bracteacoccus glacialis strain BCP-WJT36-VFNP6 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
GQ985396.1 Bracteacoccus grandis strain UTEX 1246 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
GQ985400.1 Bracteacoccus medionucleatus strain UTEX 1244 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
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accession number

FAINLARRT

=
TNERTLREA

JF717391.1 Bracteacoccus minor strain TOT 27 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
JQ259898.1 Bracteacoccus occidentalis strain BCP-WJT60-VFNP17 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
JQ259901.1 Bracteacoccus polaris strain KF30 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
HQ246364.1 Bracteacoccus pseudominor strain BCP-WJT71VFNP15 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
JQ259863.1 Bracteacoccus ruber strain CCAP 221-7 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC145508.1 Botryosphaerella sudetica strain UTEX 2629 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EU380519.1 Bracteacoccus terrestris strain CCAP221/4 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
JQ259908.1 Bracteacoccus xerophilus strain BCP-NB2-VF24 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT355757.1 Chlorolobion braunii culture-collection UFScarCC:462 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT624910.1 Carteria crucifera clone ontig80 chloroplast, partial genome

KC145512.1 Chlorotetraedron incus strain SAG 43.81 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
JQ394810.1 Chaetophora lobata culture-collection UTEX:LB1289 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
HQ902940.1 ZCZOZOCh/OﬂS zofingrensis clture SAG:211-14 strain SAG Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC315289.1 Desmodesmus baconii Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT003374.1 Desmodesmus communis strain CCMA_UFSCar 030 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
GU192427 1 Desmodesmus costato-granulatus strain Tow 10/11 T-3w Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
GU192435.1 Desmodesmus cuneatus strain Tow 6/16 T-2w Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
GU192429.1 Desmodesmus denticulatus var. linearis strain Tow 8/18 T-23w | Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
GU192426.1 Desmodesmus elegans strain Tow 6/16 T-32w Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
MG778268.1 Dictyochloris fragrans Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
GU192433.1 Desmodesmus hystrix strain NDem 9/21 T-9w Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
GU192424 1 Desmodesmus itascaensis strain Tow 8/18 P-1d Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
GU192431.1 Desmodesmus multivariabilis var. turskensis strain Mary 8/18 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds

T-1w
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FAINLARRT

=
TNERTLREA

GU192418.1 Desmodesmus santosii strain Tow 8/18 P-14w Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
GU192409.1 Desmodesmus serratus strain Hegewald 1994-4 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT777977.1 Desmodesmus spinosus isolate 1283-1 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
GQ985404.1 Dictyococcus varians strain UTEX LB 62 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcL) gene, partial cds
JQ259910.1 Follicularia botryoides strain UTEX LB951 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
HQ246350.1 Flechtneria rotunda strain BCP-SEV3VF49 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
HQ246351.1 Flechtneria rotunda strain BCP-SEV3VF4 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
JQ259912.1 Follicularia texensis strain UTEX 1241 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
JQ394816.1 Follicularia texensis culture-collection UTEX:1241 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF078304.1 Hydrodictyon africanum strain UTEX LB782 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF113449.1 Hydrodictyon africanum strain UTEX LB 782 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF078309.1 Hydrodictyon patenaeforme strain CCAP236 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
JQ394815.1 Hariotina reticulata culture-collection UTEX:LB1365 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KY792652.1 Hariotina reticulata Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF078305.1 Hydrodictyon reticulatum strain UTEX LB515 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF078306.1 Hydrodictyon reticulatum strain Carolina Biological Supply Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF078307.1 Hydrodictyon reticulatum strain SFO201NY Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF078308.1 Hydrodictyon reticulatum strain MLO301CT Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF078322.1 Hydrodictyon reticulatum strain NZ0301 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF078341.1 Hydrodictyon reticulatum strain YB0505 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF078401.1 Hydrodictyon reticulatum strain JHHydro Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC145514.1 Kirchneriella aperta strain SAG 2004 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT355743.1 Kirchnerielia irregularis var. spiralis culture-callection Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
UFScarCC:174
KT355752.1 Kirchneriella irregularis culture-collection UFScarCC:348 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
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KT833565.1 Kirchneriella lunaris Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT833563.1 Kirchneriella obesa Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT355740.1 Monoraphidium arcuatum culture-collection UFScarCC:24 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
AB175934.1 Monoraphidium circinale strain NIES-480 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
LC474828.1 Monoraphidium contortum NIES-4295 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT355765.1 Monoraphidiiim dybowskif culture-collection personal:Christina Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
Bock:CB 2009/27
EF113452.1 Mychonastes sp. YHL/S/PLANKTON10 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT833561.1 Monoraphidium griffithii Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC145515.1 Mychonastes homosphaera strain CAUP H6502 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT833568.1 Monoraphidium indicum Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT355763.1 Monoraphidium komarkovae culture-collection UFScarCC:632 | Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT693222.1 Microspora sp. UTEX LB472 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
MG778408.1 Microspora sp. UTEX LB472 chloroplast, partial genome
KT355767.1 Monoraphiciiim minutum eulture-collection personal:Christina Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
Bock:CB 2009/37
KT355751.1 Monoraphicium pseudobraunif culture-collection Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
UFScarCC:325
EF078333.1 Monactinus simplex strain UTEX LB1601 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF078343.1 Monactinus simplex strain MLO406MN Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KY094109.1 Nephrocytium agardhianum culture FACHB:2124 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF078344.1 Neochloris aquatica strain UTEX 138 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KY094108.1 Nephrocytium limneticum culture FACHB:2123 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF113457.1 Neochloris vigensis strain UTEX 1981 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
(rbcl)

DQ481211.1*

Oedogonium brevicingulatum strain M1

Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcL) gene, partial cds
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JQ394813.1 Oedocladium carolinianum culture-collection UTEX:LB1686 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT369475.1 Ourococcus multisporus Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KU961535.1 Pseudopediastrum alternans strain 01.021213 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF078335.1 Pediastrum angulosum strain UETX LB1366 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF113466.1 Pseudoschroederia antillarum strain SAG B 15.86 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
HM852438.1 Pseudomuriella aurantiaca strain CCAP 249/1 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF078303.1 Parapediastrum biradiatum strain UTEX 37 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF078319.1 Pediastrum boryanum f. forcipatum strain SAG 87.81 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF078347 2 Pseudopediastrum boryanum strain ALO402MN Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
and GIY-YIG homing endonuclease (HEG) gene, complete cds
EF078317.1 Pediastrum braunii strain SAG 43.85 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
HQ292739.1 Pseudomuriella cubensis strain KF2 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF078390.2 Pediastrum duplex var. duplex strain ACOI893 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT355745.1 Pseudokirchneriella elongata culture-collection UFScarCC:229 | Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
HM770958.1 Pseudomuriella engadinensis strain UTEX 57 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
HQ292736.1 Pseudomuriella engadinensis strain ATA4-KH47C Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
HM852435.1 Planktosphaeria gelatinosa strain SAG 262-1b Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF078315.1 Pediastrum integrum strain SAG 29.81 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
MH180197.1 Pseudopediastrum cf. integrum MS-2018 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EU380520.1 Pseudodictyosphaerium jurisii strain CCAP260/1 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF078338.2 Pseudopediastrum kawraiskyi strain MLO412MN Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
and HEG pseudogene, complete sequence
KT355747.1 Planktococcomyxa lacustris culture-collection UFScarCC:261 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
JQ259911.1 Planktosphaeria maxima strain UTEX 1248 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
HQ292738.1 Pseudomuriella schumacherensis strain BCP-ZNP1-VF6 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
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EF078381.1 Pediastrum simplex var. echinulatum strain ACOI1041 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
MH180192.1 Pediastrum cf. subgranulatum MS-2018 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT355768.1 Raphidocelis microscopica culure-colection Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
personal:Christina Bock:CB 2009/6
JQ259914.1 Radiococcus polycoccus strain SAG 217-1b Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF078314.1 Sorastrum americanum strain SAG 13.94 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT833575.1 Selenastrum bibraianum Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT777978.1 Scenedesmus bijugus isolate 76_1 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
LC200423.1 Selenastrum capricornutum strain NIES-35 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC145516.1 Schizochlamys gelatinosa strain SAG 66.94 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
GU192437 .1 Scenedesmus obliquus strain Tow 9/21 P-1w Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF078392.1 Stauridium privum strain ACOI784 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT777981.1 Scenedesmus quadricauda isolate 4_2 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF113472.1 Sphaeroplea robusta strain UTEX LB 2350 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF113470.1 Schroederia setigera strain UTEX LB 2454 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF113473.1 Z;h:erop/ea soleiroli var. crassisepta siraln Hoffman PASS C Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF078311.1 Sorastrum spinulosum strain UTEX LB2452 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
EF078391.2 Stauridium fetras strain ACOI84 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
and HNH homing endonuclease (HEG) gene, complete cds
KT777984.1 Tetradesmus dimorphus isolate 959-3 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KT777948.1 Tetradesmus obliquus isolate SM17-4 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds

* Ag outgroup
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DQ995981.1 Spirogyra africana Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ995982.1 Spirogyra africana Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ995983.1 Spirogyra africana Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ995984.1 Spirogyra africana Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ995985.1 Spirogyra africana Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ995986.1 Spirogyra africana Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ995987.1 Spirogyra africana Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779204.1 Spirogyra australica strain RSS019 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779189.1 Spirogyra borgeana strain RSS002 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779194 .1 Spirogyra borgeana strain RSS007 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779209.1 Spirogyra borgeana strain RSS024 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779210.1 Spirogyra borgeana strain RSS025 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779188.1 Spirogyra californica strain RSS001 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ015930.1 Spirogyra chunkingensis strain UTEX LB 1680 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ015931.1 Spirogyra communis strain UTEX LB 2463 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ015932.1 Spirogyra communis strain UTEX LB 2462 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcL) gene, partial cds
DQ015933.1 Spirogyra communis strain UTEX LB 2465 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ015934.1 Spirogyra communis strain UTEX LB 2466 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ015935.1 Spirogyra communis strain UTEX LB 2464 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ015936.1 Spirogyra condensata strain UTEX LB 1744 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779170.1 Spirogyra croasdaleae strain JH0425 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ995988.1 Spirogyra decimina Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ995989.1 Spirogyra decimina Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ995990.1 Spirogyra decimina Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
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DQ995991.1 Spirogyra decimina Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ995992.1 Spirogyra distenta Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ995993.1 Spirogyra dubia Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ995994.1 Spirogyra dubia Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ995995.1 Spirogyra dubia Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ995996.1 Spirogyra ellipsospora Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ995997.1 Spirogyra ellipsospora Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779216.1 Spirogyra elongata strain RSS031 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779201.1 Spirogyra fluviatilis strain RSS016 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779218.1 Spirogyra fluviatilis strain RSS033 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779224 .1 Spirogyra fluviatilis strain RSS040 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ015937.1 Spirogyra gracilis strain UTEX LB 1743 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ995999.1 Spirogyra gracilis strain UTEX LB1743 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcL) gene, partial cds
DQ015938.1 Spirogyra grevilleana strain UTEX LB 477 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ996000.1 Spirogyra grevilleana strain UTEX LB477 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779197.1 Spirogyra grevilleana strain RSS011 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779202.1 Spirogyra grevilleana strain RSS017 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ015939.1 Spirogyra juergensii strain UTEX LB 1742 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779200.1 Spirogyra juliana strain RSS015 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ015940.1 Spirogyra liana strain UTEX LB 1745 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779190.1 Spirogyra lutetiana strain RSS003 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779203.1 Spirogyra lutetiana strain RSS018 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
Ribulose bisphosphate carboxylase large subunit (rbcl) gene; and cytochrome b6 (pefB)
AF482498 .1 Spirogyra maxima and cytochrome b6-f complex subunit 4 (petD) genes, complete cds; chloroplast genes for

chloroplast products
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KC779193.1 Spirogyra majuscula strain RSS006 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ015941.1 Spirogyra maxima strain UTEX LB 2495 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779211.1 Spirogyra maxima strain RSS026 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779213.1 Spirogyra maxima strain RSS028 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779217.1 Spirogyra maxima strain RSS032 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KM677029.1 Spirogyra maxima Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KM677037.1 Spirogyra maxima Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KU646489.1 Spirogyra maxima culture-collection UTEX:LB 2495 chloroplast, complete genome

L11057.1 Spirogyra maxima Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, complete cds
NC_030355.1 Spirogyra maxima chloroplast, complete genome

DQ015942.1 Spirogyra mienningensis strain UTEX LB 1681 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ015943.1 Spirogyra notabilis strain UTEX LB 1682 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779195.1 Spirogyra notabilis strain RSS008 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ015944.1 Spirogyra occidentalis strain UTEX LB 1683 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ996001.1 Spirogyra occidentalis strain UTEX LB1683 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779166.1 Spirogyra parvula strain JHO002 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ015945.1 Spirogyra pratensis strain UTEX LB 924 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ015946.1 Spirogyra pratensis strain UTEX LB 926 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ015947.1 Spirogyra pratensis strain UTEX LB 927 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ015948.1 Spirogyra pratensis strain UTEX LB 928 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ015949.1 Spirogyra pratensis strain UTEX LB 1746 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ015950.1 Spirogyra quadrilaminata strain UTEX LB 1684 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
MG700556.1 Spirogyra setiformis Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
MG700557.1 Spirogyra setiformis Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
MG700558.1 Spirogyra setiformis Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
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MG700559.1 Spirogyra setiformis Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
MG700560.1 Spirogyra setiformis Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
MG700561.1 Spirogyra setiformis Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779206.1 Spirogyra submaxima strain RSS021 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
MG700554.1 Spirogyra submaxima Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
MG700555.1 Spirogyra submaxima Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779186.1 Spirogyra tenuissima strain JH1015 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779187.1 Spirogyra tenuissima strain ACOI 1925 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779192.1 Spirogyra teodoresci strain RSS005 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779196.1 Spirogyra teodoresci strain RSS010 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779198.1 Spirogyra teodoresci strain RSS012 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779208.1 Spirogyra teodoresci strain RSS023 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779212.1 Spirogyra teodoresci strain RSS027 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ015951.1 Spirogyra varians strain UTEX LB 479 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ996002.1 Spirogyra varians Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ996003.1 Spirogyra varians Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779199.1 Spirogyra varians strain RSS013 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ996004.1 Spirogyra variformis Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ996005.1 Spirogyra variformis Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
DQ995998.1 Spirogyra weberi Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
KC779191.1 Spirogyra weberi strain RSS004 Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbcl) gene, partial cds
(rbel)

KT982593.1*

Zygnema sp.

Ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit (rbclL) gene, partial cds

* A outgroup
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Salmonella enterica subsp. enterica

KPF36204.1 serovar Typhimurium cellulose synthase, partial
ALR78545.1 Enterobacter lignolyticus cellulose synthase
KRW60782.1 Aeromonas allosaccharophila cellulose synthase
KDV02242.1 Aeromonas sp. HZM cellulose synthase
AHG20399.1 Chania multitudinisentens RB-25 cellulose synthase
ALB6B593.1 Cronobacter dublinensis subsp. cellulose synthase
dublinensis LMG 23823
ALB72671.1 Cronobacter muytjensii ATCC 51329 cellulose synthase
AKR79135.1 Edwardsiella sp. LADL05-105 cellulose synthase
KJQ01599.1 Enterobacter asburiae cellulose synthase
KJQ34719.1 Enterobacter bugandensis cellulose synthase
KTQ78648.1 Enterobacter cancerogenus cellulose synthase
KIF96985.1 Enterobacter cloacae cellulose synthase
KTQ80668.1 Enterobacter hormaechei cellulose synthase
KKA55077.1 Enterobacter roggenkampii cellulose synthase
KOC94519.1 Erwinia iniecta cellulose synthase
KIH03626.1 Escherichia coli cellulose synthase
KUG85545.1 Escherichia coli cellulose synthase
KMV32560.1 Franconibacter pulveris cellulose synthase
AKK82803.1 Klebsiella aerogenes cellulose synthase
AKH01088.1 Klebsiella pneumoniae cellulose synthase
ALDO05976.1 Klebsiella quasipneumoniae cellulose synthase
KKY80947 .1 Klebsiella variicola cellulose synthase
ATU72095.1 Komagataeibacter xylinus cellulose synthase
KML25368.1 Leclercia adecarboxylata cellulose synthase
KMN63943.1 Leclercia sp. LK8 cellulose synthase
KKl147415.1 Obesumbacterium proteus cellulose synthase
KTS86951.1 Pantoea dispersa cellulose synthase
ALVO3971.1 Pantoea vagans cellulose synthase
KHT31571.1 Pectobacterium carotovorum subsp. cellulose synthase
carotovorum
AKL14631.1 Phytobacter ursingii cellulose synthase
KMK36077.1 Pluralibacter gergoviae cellulose synthase
KSW18576.1 Proteus mirabilis cellulose synthase
AJE17117 1 Pseudomonas balearica DSM 6083 cellulose synthase
KOX65511.1 Pseudomonas psychrophila cellulose synthase
KMN16954.1 Pseudomonas weihenstephanensis cellulose synthase
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ALD44575.1 Serratia marcescens cellulose synthase
KQN68410.1 Serratia sp. Leaf51 cellulose synthase
KRG86535.1 Stenotrophomonas acidaminiphila cellulose synthase
KRG52890.1 Stenotrophomonas maltophilia cellulose synthase
KRG57265.1 Stenotrophomonas nitritireducens cellulose synthase
KNC94457.1 Trabulsiella odontotermitis cellulose synthase
AKP33753.1 Yersinia aleksiciae cellulose synthase
ALG76998.1 Yersinia enterocolitica cellulose synthase
ABI78962.1 Physcomitrella patens cellulose synthase 10, partial
ABI78961.1 Physcomitrella patens cellulose synthase 8
ABI78960.1 Physcomitrella patens cellulose synthase 7
ABI78959.1 Physcomitrella patens cellulose synthase 6
ABI78958.1 Physcomitrella patens cellulose synthase 5
ABI78957.1 Physcomitrella patens cellulose synthase 4
ABI75158.1 Physcomitrella patens cellulose synthase-like D8
ABI75157.1 Physcomitrella patens cellulose synthase-like D7
ABI75156.1 Physcomitrella patens cellulose synthase-like D6
ABI75155.1 Physcomitrella patens cellulose synthase-like D5
ABI75154.1 Physcomitrella patens cellulose synthase-like D4
ABI75153.1 Physcomitrella patens cellulose synthase-like D3
ABI75152.1 Physcomitrella patens cellulose synthase-like D2
ABI75151.1 Physcomitrella patens cellulose synthase-like D1

cellulose synthase-like protein,
AAT48373.1 Physcomitrella patens

partial

cellulose synthase catalytic
AAT48372.1 Physcomitrella patens

subunit, partial

cellulose synthase catalytic
AAT48371.1 Physcomitrella patens

subunit, partial

cellulose synthase catalytic
AAT48370.1 Physcomitrella patens

subunit, partial

cellulose synthase catalytic
AAT48368.1 Physcomitrella patens

subunit, partial
AAT48369.1 Mesotaenium caldariorum cellulose synthase catalytic subunit

cellulose synthase catalytic
AAM83097.1 Mesotaenium caldariorum

subunit, partial
AAM83096.1 Mesotaenium caldariorum cellulose synthase catalytic subunit

cellulose synthase-like protein,
AAT48374.1 Ceratopteris richardii .

partial
AAO15532.1 Arabidopsis thaliana cellulose synthase
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