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SUMMARY

[. Title

Microalgal diversity and systematics from King George Island, Antarctica

[l. Purpose and Necessity of R&D

- To understand Microalgal taxonomy and phylogenetic relationships from King George
Island, Antarctica

- To accumulate species and genetic diversity of microalgae

- To establish culture collection of specialized microalgae from polar region

lll. Contents and Extent of R&D
- Collected samples from King George Island, Antarctica

- Cultivated microalgal strains from photobiont of lichen

- Analyzed sequences of molecular marker; nuclear ITS1, 5.8S, ITS2, 18S rDNA and
actin gene

- Analyzed morphological data using light and confocal microscopes

- Identified species and analyzed phylogenetic relationships of photobionts

IV. R&D Results

- Sample collection from King George Island, Antarctica

- Microalgal cultivation by single cell isolation from photobiont of lichen
; 89 strains

- Multigene sequence analyses using nuclear ITS1, 5.8S, ITS2, 18S rDNA and actin
genes

- Morphological data analyses using of a new species within Asterochloris

- Phylogenetic tree construction to understand phylogenetic relationships of species
within two photobiont genera Asterochloris and Trebouxia.

V. Application Plans of R&D Results
- To publish scientific papers from this R&D results

- To understand species and genetic resources as potential
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B 1) Aol Rl BT

phycobiont®] vfjor3

Strain No. Host name Photobiont Collection site Latitude Longitude
2015KGs-001 | Cladonia King George Island | 62, 13.230' S | 58, 46.384' W
novochlorophaea

2015KGS-002 Cladonia squamosa King George Island | 62, 13.230' S | 58, 46.384' W

2015KGS-004 | Cladonia gracilis King George Island | 62, 13.230' S | 58, 46.384' W

2015KGS-005 Cladonia pocillum King George Island | 62, 13.230' S | 58, 46.384' W

2015KGS-007 A;Sf%”gh’”’”"‘ sp3. King George Island | 62, 13.007' S | 58, 45.680' W

2015KGS-008 King George Island | 62, 13.007' S | 58, 45.680' W

2015KGS-009 “Asterochloris irregularis” | King George Island | 62, 13.007' S | 58, 45.680' W

2015KGS-010 Cladonia gracilis “Asterochloris irregularis” | King George Island | 62, 12.973" S | 58, 45.611' W
“Asterochloris irregularis”

2015KGS-012 Asterochloris sp3. King George Island | 62, 12.942' S | 58, 45.382' W
()

2015KGS-014 Cladonia chlorophaea “Asterochloris irregularis” | King George Island | 62, 13.069' S | 58, 45.399' W

2015KGS-015 Cladonia borealis King George Island | 62, 13.069' S | 58, 45.399' W

2015KGS-016 Cladonia squamosa “Asterochloris irregularis” | King George Island | 62, 13.069" S | 58, 45.399' W

2015KGS-017 | Cladonina gracilis “Asterochloris irregularis® | King George Island | 62, 13.069' S | 58, 45.399' W

subsp. gracilis

2015KGS-018 King George Island | 62, 13.527' S | 58, 46.723' W

2015KGS-021 King George Island | 62, 13.525' S | 58, 46.723' W

2015KGS-026 Cladonia sp. King George Island | 62, 14.190' S | 58, 43.078' W

2015KGS-029 Cladonia sp. “Asterochloris irregularis” | King George Island | 62, 14.191' S | 58, 43.079' W

2015KGS-032 Cladonia sp. King George Island | 62, 14.274' S | 58, 43.270' W

2015KGS-039 Cladonia sp. King George Island | 62, 13.691' S | 58, 46.851' W

2015KGS-042 Cladonia sp. King George Island | 62, 13.689' S | 58, 46.828' W

2015KGS-049 | Cladonia sp. fjf%"ghé’g")s S02 King George Island | 62, 13.510' S | 58, 46.710' W
—_ T

2015KGS-050 Cladonia sp. King George Island | 62, 13.510' S | 58, 46.710' W

2015KGS-051 Cladonia sp. King George Island | 62, 13.502' S | 58, 46.090' W

2015KGS-052 Cladonia sp. King George Island | 62, 13.502' S | 58, 46.690' W

2015KGS-053 Cladonia sp. “Asterochloris irregularis” | King George Island | 62, 13.502' S | 58, 46.690' W

2015KGS-059 Cladonia sp. King George Island | 62, 13.785' S | 58, 46.879' W
“Asterochloris irregularis”

2015KGS-063 Cladonia sp. Asterochloris sp2. King George Island | 62, 13.367' S | 58, 47.021' W
(QESEE)
“Asterochloris irregularis”

2015KGS-064 Cladonia sp. Asterochloris sp3. King George Island | 62, 13.149' S | 58, 45.955' W
MEZE3)

2015KGS-069 Cladonia sp. King George Island | 62, 12.928' S | 58, 45.619' W

2015KGS-074 Cladonia sp. “Asterochloris irregularis” | King George Island | 62, 12.976' S | 58, 45.611' W
“Asterochloris irregularis”

2015KGS-075 Cladonia sp. Asterochloris sp3. King George Island | 62, 13.221' S | 58, 46.309' W
()
“Asterochloris irregularis”

2015KGS-077 | Cladonia sp. Asterochloris sp3. King George Island | 62, 13.221' S | 58, 46.309' W
REELS

2015KGS-080 | Cladonia sp. fjf%”g”ﬁg’f sp3. King George Island | 62, 13.223' S | 58, 46.310' W

2015KGS-085 | Cladonia sp. fif%"é’“ﬁg‘;’ sp2. King George Island | 62, 13.242' S | 58, 46212' W
— T

2015KGS-087 | Cladonia sp. Aﬁf%‘“ghé”“' sp3. King George Island | 62, 13.236' S | 58, 46.153' W
ESFE3)

2015KGS-091 Cladonia sp. King George Island | 62, 13.232' S | 58. 46.211' W

_13_
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2) A 2]Foll F283sh= phycobiont?] wjefF

(=R

Strain No. Host name Photobiont Collection site Latitude Longitude
2015KGIC-01 | Placosis contortuplicata King George Island | 62, 13.219' S | 58, 46.442' W
2015KGIC-02 | Ochrolechia frigida (T Iff’gf‘gﬁf"‘ King George Island | 62, 13.219' S | 58, 46.442' W
2015KGIC-03 | Sphaerophorus globosus King George Island | 62, 13.219' S | 58, 46.442' W
2015KGIC-04 | Himantormia lugubris Stichococcus sp. King George Island | 62, 13.219' S | 58, 46.442' W
2015KGIC-05 Usnea aurantiaco-atra King George Island 62, 13.219' S 58, 46.442' W
2015KGIC-06 | foliose King George Island | 62, 13.219' S | 58, 46.442' W
2015KGIC-07 | Psoroma sp. (T)’\le%?l_glé ls)pl King George Island | 62, 13.228' S | 58, 46.439' W
— T
2015KGIC-08 | Cladonia gracilis King George Island | 62, 13.228' S | 58, 46.439' W
2015KGIC-09 | Cladonia sp. f‘ff%“éhé’g‘f sp2. King George Island | 62, 13.228' S | 58, 46.439' W
— T
2015KGIC-10 | Psoroma hypnorum King George Island | 62, 13.228' S | 58, 46.439' W
2015KGIC-11 | crustose King George Island | 62, 13.229' S | 58, 46.429' W
2015KGIC-12 | foliose King George Island | 62, 13.229' S | 58, 46.429' W
2015KGIC-13 | Caloplaca sp. King George Island | 62, 13.229' S | 58, 46.429' W
2015KGIC-14 | Ochrolechia fiigida T. simplex King George Island | 62, 13.229' S | 58, 46.429' W
2015KGIC-15 | Psoroma sp. King George Island | 62, 13.229' S | 58, 46.429' W
2015KGIC-16 | Lepraria sp. King George Island | 62, 13.227' S | 58, 46.401' W
2015KGIC-17 | Himantormia sp. King George Island | 62, 13.227' S | 58, 46.401' W
2015KGIC-18 | crustose King George Island | 62, 13.218' S | 58, 46.366' W
2015KGIC-19 | crustose King George Island | 62, 13.218' S | 58, 46.366' W
2015KGIC-20 | Stereocaulon alpinum King George Island | 62, 13.220' S | 58, 46.344' W
2015KGIC-21 | Lepraria sp. King George Island | 62, 13.179' S | 58, 46.043' W
2015KGIC-22 | Acarospora sp. King George Island | 62, 13.179" S | 58, 46.043' W
2015KGIC-23 | Rhizoplaca sp. T. impressa King George Island | 62, 13.152' S | 58, 45.969' W
2015KGIC-24 | foliose King George Island | 62, 13.152' S | 58, 45.969' W
2015KGIC-25 | Psoroma sp. King George Island | 62, 13.147' S | 58, 45.939' W
2015KGIC-26 | foliose King George Island | 62, 13.116' S | 58, 45.893' W
2015KGIC-27 | Xanthoria candelaria T. decolorans King George Island | 62, 13.116' S | 58, 45.893' W
2015KGIC-28 | Caloplaca sp. T. arboricola King George Island | 62, 13.116' S | 58, 45.893' W
2015KGIC-29 | Rhizocarpon sp. King George Island | 62, 13.116' S | 58, 45.893' W
2015KGIC-30 | foliose T. impressa King George Island | 62, 13.116' S | 58, 45.893' W
2015KGIC-31 | Amandinea sp. Coccomyxa sp. King George Island | 62, 13.116' S | 58, 45.893' W
Ellipsoidion sp
2015KGIC-32 | crustose Ti'f’g’”gi“ sp2. King George Island | 62, 13.120' S | 58, 45.893' W
RE=E2)
2015KGIC-33 | Cladonia sp. “A. irregularis” King George Island | 62, 13.123' S | 58, 45.889' W
2015KGIC-34 | Usnea antarctica King George Island | 62, 13.123' S | 58, 45.889' W
2015KGIC-35 | Psoroma sp. Elliptochloris sp King George Island | 62, 13.123' S | 58, 45.889' W
2015KGIC-36 | Pseudephebe pubescens King George Island | 62, 13.123' S | 58, 45.889' W
2015KGIC-37 | Stereoaulon sp. Asterochloris spl. King George Island | 62, 13.123' S | 58, 45.889' W
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Asterochloris sp._Peksa872
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3% 1. Genetic diversity of the Antarctic Asterochloris species based on the concatenated
ITS, 5.8S, ITS2, and actin gene sequence dataset.
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% 2. Bayesian tree of the genus Trebouxia based on nuclear

sequences data.
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O MEEX 7}-3:

A - Asterochloris¢} Trebouxia®2] JEjdta

U & 4 T+ 2 F

78! 3. Light micrographs and confocal reconstruction of chloroplast structure in Antarctic Asterochloris taxa.
A-D. Asterochloris irregularis-like species. A-C. 2015KGS-064C. A-B. Light micrographs showing chloroplast
(cp) shape and nucleus (n). C. Aplanosporangium. D. Confocal image of 2015KGS-006A showing chloroplast
shape. E-G. Light micrographs of 2015KGIC-037D showing chloroplast (cp), pyrenoid (py), and nucleus (n).
H-K. Light micrographs of 2015KGS-063A showing chloroplast, pyrenoid, nucleus and aplanosporangium. L-N.
Light micrographs of 2015KGS-064B showing various stages of life cycle. O. Confocal image of
2015KGS-007A showing chloroplast shape. scale bars=10 um.
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% 4. Light micrographs and confocal reconstruction of chloroplast structure in Antarctic Asterochloris
KGS007 strain. (I, J) Aplanospore.
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19 5. Transmission electron micrographs of Antarctic Asterochloris KGS007 strain. (C). double layer of
chloroplast membrane (arrow) and thylakoid (arrow head). Cp, chloroplast; Lg, Lipid globules; Mt,
Mitochondrion; N, Nucleus; Th, Thylakoid.
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= 279 Asterochloris%:2] ZE7F AEFABAE A
= AB/AE FE317] 9, & ITS1, 5.8S, ITS2, 18] 3L actin FAALE &
o A% TEF KGS007A WM FFE Bud 13F3FHE 5449 A%

T51501 (host Psoradecipiens) KF907669 NONE

RidkaPA3 (host Cladoniasp) KP318675 NONE

LEP48 (host Leprariasp.) FN556046 NONE

UTEX902 (host Pilophorus aciculare) AM906012 AM906041
1.00/100 Normore375 (host Stereocaulon dactylophyllum) AF345442 NONE

J UTEX910 (host Cladonia cristatella) AF345439 NONE . . o o e e eceemmmmmmmmmmmmmmmemeememememeemeem——————-

SAG33.85 (host Stereocaulon evolutoides) FJ626732 NONE
UTEX1712 (host Cladonia squamosa) AF345406 AM606025

1.00/93

1.00/100 DPO2 (host Diploschistes muscorum) AM905998 AM906026

UTEX895 (host Stereocauion voltodes) AFSAS382 AMOOGO2A - - - - - - << <<= 2w m e

Talbot281 thest DQ229885 DQ229888

UTEX2236 (host Stereocauionsp) AF345411 AM906027

STERT (host terocaulon pleatum) AM905999 AM906028 . .

Talbot153 (host ereocaulon botryosum) 0229880 Q229889 A. irregularis
Backor13 (host Cladonia atbuscula) AM906000 AM906029

UTEX1714 (host

Peksa860 (host FN556035 FNS56048

LEP30  (host Leprarianeglecta) AMS06005 AMS06034

CAUPH1010 (host Lepraria neglecta) AM906002 AM906031

= 0.96/67. LEP23 (host Lepraria caesioalba) AM906003 AM906032

LEP25  (host Leprariacaesioalba) AM306004 AM906033
PeKsa873 (host Lepraria caesioalba) FNSS6042 FNSS6051
PeksaB72 (host Leprariacaesioalba) FNSSE041 FNSS6050
PeksaB70 (host Lepraria caesioalba) FNSS6043 FNSS6052
PeksaB86 (host Leprariaincana) FNSS6037 KP318677

Peksad00 (host Leprariarigidula) FM955669 FM95S673 .
CAUPH1013  (host Leprariarigidula) AM905997 AM906023 A. gaertneri

Peksa877 (host Leprariarigidula) FMS55668 FMSS5672
Nelsen2585 (host Leprariasp.) EU08690 EU00871S

1.00/100 Talbot101 (host stereocauion paschaie) DQ229887 DQ229891
PeksaB15 (host Cladonia fimbriata) FM945359 FM955676
076/53

Peksad21 (host Cladoniare) FM945378 FM955677

KGS007A (host 00000000) NEW NEW * ===~ ===========cocsmcoooocsoocoosooooooooon
KGS064B (host Leprariasp.) NEW NEW I

10099

— KGSOBOA (host Leprariasp) NEW NEW Asterochloris sp. nov.

KG1CO09B: (host Leprariasp) NEW NEW .- — - - - oo o e ee e mm e mm e m e mm e mm e oo
Nelsen2166a (host Leprariasp) EUO0BGE? EUO0B71A
Nelsen3637b (host Leprarianigrocincta) EU0086S1 EU008710
Peksa888 (host Leprariacrassissima) FNSS6033 KP318678
TalbotKIS187 (host stereocaulon saxatile) DQ229636 Q229897
MACB90622 (host Cladoniafoliacea) FM205731 NONE A. wossiae
Peksa1008 (host Cladonia oliacea) AM906016. AM306049
CAUPH1009 (host Cladonia borealis) AM900492 AM506045
Lep15  (host Leprariacaesioalba) AMS06014 AM906047
LEP36  (host Leprarianylanideriana) AM500453 AMS06046
LEP34 (host Cladoniabborealis) AMS0601S AM06048 . -
Nelsen2211a (host Leprariasp) EUOOBGE4 EUOOB71T
RidKalH20 (host Cladoniascabriuscula) HES03038 KP318682
Nelsen2233f (host pilophorusf.cereolus) DQ229883 DQ229895
Nelsen2181b (host stereocaulonsp) DQ229884 Q229896

100100 I Peksa796 (host Cladonia imbriata) FM945358 FM955674

Peksa787 (host Cladoniarei) FM945380 FM955675

LEP33  (host Leprariacaesioalba) AM905996 AMSOG0Z2 == === = === == === === === =mommoomee
osar] Nelsen3961 host Leprarialobificans) EU008676 EU008705
1.00/100 Nelsen3965 (host Lepraria caesioalba) EU008663 EU008S9S
Nelsen3959 (host Leprariasp) EU00B686 EU008713
Nelsen2598  (host Lepraria atrotomentosa) EU008659 EU008693

1.00/100

1.00/97

079/

Nelsen3962 (host Lepraria caesiella) EU008661 EU008694
Nelsen3976 (host Leprarialobificans) EU008679 EU008708
Nelsen2590  (host Lepraria obificans) EU00B680 EU008705
CAUPH1011 (host Lepraria caesioalba) AM905995 AM906021
Nelsen3970 (host Leprarialobificans) EU008677 EU008706
Nelsen3957 (host Leprarialobificans) EU008674 EU008703
Nelsen3969 (host Lepraria caesioalba) EU008666 EU008699
Nelsen3958  (host Leprarialobificans) EU00BS73 EU008702 A. friedlii
Nelsen2453  (host Leprariasp) EU008691 EU008716
Nelsen3960 (host Lepraria lobificans) EU008675 EU00B704
LEPO4 (host Lepraria caesioalba) AM905994 AM906020

Nelsen3974 (host Leprarialobificans) Q229877 DQ229898

Nelsen3968 (host Lepraria caesiella) EU008662 EU00869S

Peksa1066 (host Leprariaclobata) KP318670 NONE

Nelsen3950 (host Lepraria obificans) EUO0B670 EU00B700

Nelsen3966 (host Lepraria caesioalba) EU008664 EU008S7

Nelsen3967 (host Lepraria caesioalba) EUOOBETS EU008698

Nelsen3973  (host Leprarialobificans) EU008678 EU008TO7

WeStUSA (host Leprariasp) EUO0BGSS EU00B712

Nelsen3951 (host Lepraria caespiteca) DQ229879 DQZZIBI -« -« < - e = - mwm e me
00 Hammer7090 (host Cladonia scabriuscula) AF345424 NONE I

Hammer7212 (host Cladonia capitellata) AF345421 A. italiana
CCAP219/5B (host Xanthoriaparietina) AM06001 AM906030
oranes

X UTEX67 (host Cladoniasp) AF345423 NONE - == - == = = n == mm == mm o m
PeksaB55 (host Leprariarigidula) FNSSE031 FNSS6047
DIP03_Peksad95 (host Diploschistes muscorum) KP318676 KP318680
1.00/100 CAUPH1012 (host Leprariarigidula) AM905992 AM906017
—ELEPH (host Lepraria caesioalba) FMS55666 FM9SS670
7L LEPSS (host Leprariacaesioalba) FM955667 FM955671
Talbotd00 (host 0229882 0Q229893
SAG26.81 (host Anzina cameonivea) AMI00490 AM9OG042 = = === === = === == === === ===omsoomsooooooe

LEPO7  (host Leprarianeglecta) AMS06013 AM906044 . .
LEPOD (host Leprarianeglecta) AM900491 AM306043 A. phycobiontica
PeksaB58 (host Leprariasp) FNS56025 KP318680
LEP28 (host Lepraria alpina) AM906010 AM906039

Nelsen3950 (host Leprariact. bacillaris) DQ229878 DQ229892
CAUPH1014 (host Lepraria caesioalba) AM906008 AM906037
LEP27 (host Lepraria caesioalba) AM906009 AM906038
08453 LEPO2 (host Lepraria caesioalba) AM906007 AMS06036
PeksaB66 (host Leprariaborealis) FNS56044 KP318679
DIPO1 (host Diploschistes muscorum) AM906011 AM906040
LEPO1 (host Lepraria caesioalba) AM906006 AM906035

001
"MIrB/RAXML

1% 6. The Bayesian majority role tree based on concatenated ITS rDNA and actin genes. The numbers on
each node represents posterior probabilities (left) and bootstrapping values (right). The bold branches indicate
strongly supported values (pp = 1.00 and ML = 100%).
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Asterochloris®2] BE £2 81 TSI I ITS2 o] 97| <E o|aF-Fo A £ Eo]F
W, ol& ZAR F 49 A FAR o]&Ho EFHET AF FEF KGS007A WFFE VEE 4
photobiotica®t Tho-3 2 A7IAE XA AolE BT (29 7).
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e

C

A
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o

Z1%] 7. Predicted secondary structures of the ITS1 (A) and ITS2 (B) transcripts of Asterochloris sp. nov.
(KGS007A) derived by comparison of type species A. phycobiontica SAG26.81 (GenBank AM900490). Base
changes between two Asterochloris genotypes are indicated: the base pair marked in box indicated
hemi-compensatory base changes (hemi-CBCs); single base changes are marked in grey circles; changes of the
ends in the helices are indicated in large boxes. ITS2 transcript, the highly conserved U-U mismatches and
UGGU motif are marked in [ ]. The two star markers in ITS2 transcript structure were indicated the specify
base changes in the Asterochloris sp. nov. (KGS007A) clades.
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(Friedl and Zeltner 1994, Friedl and Rokitta 1997), Asterochloris% -2 A&-F¥ H} At} (Helms
et al. 2001, Piercey-Normore and DePriest 2001, Skaloud and Peksa 2008). 53|, | 32| Skaloud
and Peksa (2010)= t}F3t #] 2 29} Ze 1*3&%3 TRl ol AETYL S
2 Husten, T Skaloud 5 (2015 21F 652 AlEe AZA FH, AVIHNE HEE
o] &3t EAAEEA, 11 Y ITSl, ITS2 vdX}J A71ME ozl F 5olF
AE WolE A5t F THe AT EFAAES Fdedt ady ol Zri frael Al
oot FAEFE THLR AFstt. A =T AT ?i?%, = James Ross
Usnea antarctica 14 20123 A7 o] E] wiFE Trebouxia sp. =
2 AAE #Ht AF+ZA3rF W E vl It} (Balarinova et al. 2013).
74‘%*-‘4 AT U3 EFA dAae ods] AFsiden, 53 AR

e A
4340

o

2
2
N

= ol &4
Z5el g A= v vFeith 2euh e A AR Re] A el ATE T
= o AT7F HiuEs 3 o& Hol (Sciuto et al. 2015), AL BTG I mA R
s gE 2 B5 A7 BEA Ze9ks AARRTH

w A ¥ I B4, Y AT ARAA GdA glufFate] gRE A
27 gFFe A% d7 e e aEy HdY vida viAs 28 A ASEY
o TAR AEHRE SHHCR EaHe Fod A7 E fAsedt dEEe sl det
W v AMAES AREste] AlxS AS5A Fx2E EA AL, dsterochloris%o] T2 E
&4 (Key character)?] 3 ITS1, ITS2 rDNA 7 2}9] o242 & A& SAZ A3 AF:S
B2 s
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