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SUMMARY

(4 B 2 o B

Title
Microalgal diversity and systematics from King George Island, Antarctica

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

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

R&D Results

- Sample collection from King George Island, Antarctica

V.

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.

Application Plans of R&D Results
To publish scientific papers from this R&D results
To understand species and genetic diversity as potential resources



CONTENTS

(4 & 5 2

Chapter 1 Introduction
* Describe the purpose, necessity and extent of R&D.

Chapter 2 Current R&D Status in Korea and Other Nations
*  Describe where current R&D status and research results on related fields of Korea and

other nations are positioned in the current R&D status in Korea and other nations.

Chapter 3 R&D Implementation Contents and Results
*  Describe the theoretical and experimental access method, research contents and research

results.

Chapter 4 Degree of R&D Goal Achievement and Degree of Contribution to Outside Research
Institute

*  Describe the degree of R&D goal achievement and the degree of contribution to the
technological development in related fields based on the yearly research goal and the aiming

point of evaluation.

Chapter 5 Application Plans of R&D Results

*  Describe the necessity of additional research, application in other research and plans for
commercialization.

* The table of contents can be changed according to the nature of project such as research

planning project.

Chapter 6 References

# List all references cited during the preparation of the report.
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1 A3 3
3.2. A 38 A
o ATEY AR g W A3
[ == 71
O MF&F3E 711
A F Ul & A T A WMEFA)
Azl A2 2014 - 2016 Afolell AJAFA EE &
Azel AR R wF G e ATHel ¢ FERANES PR, F
Mo Aol R ARG S (F 1-4)
Werz su W A-E FEANA A oF FA photobiontE |3 ¥, A 9]
7 TAA 187 YA E R BE wgAE A A
$A47 gy g | .
(3 ITS1, 5.8S, ITS2 H-9)= g
1) #<* 33d3F (2014-2016) = AlE71#] =9 B F2 Morro Chicooll 4 A F & #/ o7 3
A phycobiont W 5 B A H A BH
1) 20149 F= A9 Fel| ¥ A3t phycobionte] | 5
Strain No. Host name Photobiont Collection site (Latitude and Longitude)

, L Marian Cove (near Araon Valley), Barton
2014KGH-004E Unknown Ellmitochlorzs-hke Peninsula, King George Island
...................................................... e 6% 13223 S 1 S8, 46214 W)

Ardley Island, South Shetland Islands
2014KGH-009A | Spharoporus sp Trebouxia simplex (62, 12.860' S / 58, 55.846' W
Ardley Island, South Shetland Islands
2014KGH-016A | Caloplaca sp. Trebouxia arborcola (62, 12.598' S / 58, 55.908' W)
Ardley Island, South Shetland Islands
2014KGH-016B Caloplaca sp. Trebouxia arborcola (62, 12.598' S / 58, 55.908' W)
Ardley Island, South Shetland Islands
2014KGH-016C Caloplaca sp. Trebouxia arborcola (62, 12.598' S / 58, 55.908' W)
Ardley Island, South Shetland Islands
2014KGH-016D Caloplaca sp. Trebouxia arborcola (62, 12.598' S / 58, 55.908' W)
Ardley Island, South Shetland Islands
2014KGH-016E Caloplaca sp. Trebouxia arborcola (62, 12.598' S / 58, 55.908' W)
Ardley Island, South Shetland Islands
2014KGH-016F Caloplaca sp. Trebouxia arborcola (62, 12.598' S / 58, 55.908' W)

_’]2_

ol



Strain No. Host name Photobiont Collection site (Latitude and Longitude)

2014KGH-DO0O16 Caloplaca s Trebousxia s Ardley Island, South Shetland Islands
Al pLaca sp. P- (62, 12.598' S / 58, 55.908' W)

Barton Peninsula, King George Island
(62, 13.410' S / 58, 44.767" W)

Barton Peninsula, King George Island,
(62, 13.399" S / 58, 44.788' W)

Barton Peninsula, King George Island,
(62, 13.399' S / 58, 44.788' W)

2014KGH-026A | Ochrolechia sp (Tijg’g’ﬁz;p' ](36?0?32?;‘1;“1/“’ Siiﬁ'?;;r%;)mand
2014KGH-026B | Ochrolechia sp (Tij g’g’ﬁgp' ](36?0?322‘;“;“1/“’ Sgﬁ'?;;r%;)mand
2014KGH-026C | Ochrolechia sp (Tijg’g’ﬁz;p' ](36?0?32?;‘1;“1/“’ Siiﬁ'?;;r%;)mand
2014KGH-026D | Ochrolechia sp (Tijg’g’ﬁz;p' ](36?0?32?;‘1;“1/“’ Siiﬁ'?;;r%;)mand
2014KGH-026E | Ochrolechia sp (Tij g’g’ﬁgp' ](36?0?322‘;“;“1/“’ Sgﬁ'?;;r%;)mand
2014KGH-026F | Ochrolechia sp (Tijg’g;z;p' ](36?0?3.2?;{“;“1/“’ Siiﬁ'?;;r%;)mand
2014KGHO32A Pmmmasp g:flzcmmmke ?értogizzmssul?s?zgsS;;rg\;)lsmnd .................
2014KGH032B Pmmmasp ggﬁcmrmhke ](36?12rt0?3l;e61(1)mssu17581{12g5S;;rg\;)lsmnd .................
2014KGH032C Pmmmasp JSE;:fl:)Schlomhke ](Sértoglgzgmssul?sgngsS;zorg\;)lsmd .................
2014KGH032D Pmmmasp gggﬁcmmmhke ](Sértogl;%mssul?sgngsS;;rg\;)lsmnd .................
2014KGHO32E Pmmmasp gggﬁcmmmhke ](Sértogl;%mssul?sgngsS;;rg\;)lsmnd .................
2014KGHO32F Pmmmasp gggﬁdllmmke ](Sértoglgzgmssul?sgngsS;zorg\;)lsmd .................
2014KGHO32G Pmmmasp gggﬁcmmmhke ](Sértogl;%mssul?sgngsS;;rg\;)lsmnd .................

Harmony Point, Nelson Island
(62, 18.134" S / 59, 11.843' W)

) Trebouxia sp Harmony Point, Nelson Island
2014KGH-048B Ochrolechia sp (MBS (62, 18.134' S / 59, 11.843' W)

) Trebouxia sp Harmony Point, Nelson Island
2014KGH-048C Ochrolechia sp (MBS (62, 18.134' S / 59, 11.843' W)

Harmony Point, Nelson Island
(62, 18.134" S / 59, 11.843' W)

Trebouxia sp Harmony Point, Nelson Island
MBEZHY) (62, 18.134' S / 59, 11.843' W)

_13_




Strain No.

Host name

Photobiont

Collection site (Latitude and Longitude)

2014KGH-048F

Polar-15

Ochrolechia sp.

Trebouxia sp
(AB2 )

Trebouxia sp
(MB2 )

Coccomyxa sp.

Harmony Point, Nelson Island
(62, 18.134" S / 59, 11.843' W)

Harmony Point, Nelson Island
(62, 18.134" S / 59, 11.843' W

Harmony Point, Nelson Island
(62, 18.134' S / 59, 11.843' W)

F 2) 20154 = x| 2]RFof FAY5}t= phycobiont?] wjFs

Collection site (Latitude and
Strain No. Host name Photobiont . @
Longitude)
. . . Isl
2015KGS-001 Cladonia Barton Peninsula, King George Island
novochlorophaea (62, 13.230" S / 58, 46.384' W)
Barton Peninsula, King George Island
- ladonia X
2015KGS-002 Cladonia squamosa (62, 13230' S / 58, 46.384' W)
. - Barton Peninsula, King George Island
2015KGS-004 Cladonia gracilis 62, 13.230' S / 58, 46.384' W
Barton Peninsula, King George Island
- ] i1
2015KGS-005 Cladonia pocillum 62. 13.230' S / 58, 46.384' W
N Asterochloris sp3. Barton Peninsula, King George Island
-00 tifi [
2015KGS-007 Unidentified (AIZESH3) 62, 13.007' S / 58, 45.680' W
S Barton Peninsula, King George Island
2015KGS-008 Unidentified 62, 13.007 S / 58, 45.680' W
S “Asterochloris Barton Peninsula, King George Island
2015KGS-009 Unidentified irregularis” 62, 13.007' S / 58, 45.680' W
. . “Asterochloris Barton Peninsula, King George Island
2015KGS-010 Cladonia gracilis irregularis” 62 12973 S / 58, 45.611' W
“Asterochloris
N irregularis” Barton Peninsula, King George Island
2015KGS-012 Unidentified Asterochloris sp3. 62, 12.942' S / 58, 45.382' W
WE=2E3)
. (13 K 'A 1 1 I 1
2015KGS-014 Cladonia 'Avteroc}?l?’rzv Barton Peninsula, King George Island
chlorophaea irregularis 62, 13.069' S / 58, 45.399' W
. . Barton Peninsula, King George Island
2015KGS-015 Cladonia borealis 62, 13.069' S / 58, 45.399' W
) “Asterochloris Barton Peninsula, King George Island
2015KGS-016 Cladonia squamosa | . 1ayis” 62, 13.069' S / 58, 45.399' W
2015KGS-017 Cladonina gracilis “Asterochloris Barton Peninsula, King George Island
) subsp. gracilis irregularis” 62, 13.069' S / 58, 45.399' W
S Barton Peninsula, King George Island
-018 tifi
2015KGS-0 Unidentified 62, 13.527'' S / 58, 46.723' W
S Barton Peninsula, King George Island
- tifi
2015KGS-021 Unidentified 62, 13.505' S / 58, 46.723' W
Barton Peninsula, King George Island
2015KGS-026 Cladoni .
as adonia sp 62, 14.190' S / 58, 43.078' W
“Asterochloris Barton Peninsula, King George Island
2015KGS-02 Cladoni .
G5-029 adonia sp irregularis” 62, 14.191' S / 58, 43.079' W
2015KGS-032 Cladonia sp. Barton Peninsula, King George Island

_14_




62, 14.274' S / 58, 43.270' W

. Barton Peninsula, King George Island
2015KGS-039 Cladonia sp. 62, 13.691' S / 58, 46.851' W
. Barton Peninsula, King George Island
2015KGS-042 Cladonia sp. 62, 13.689' S / 58, 46.828' W
) Asterochloris sp2. Barton Peninsula, King George Island
2015KGS-049 Cladonia sp. (AESH2) 62, 13.510' S / 58, 46.710' W
) Barton Peninsula, King George Island
2015KGS-050 Cladonia sp. 62. 13.510' S / 58, 46.710' W
) Barton Peninsula, King George Island
2015KGS-051 Cladonia sp. 62, 13.502' S / 58, 46.090' W
) Barton Peninsula, King George Island
2015KGS-052 Cladonia sp. 62, 13.502' S / 58, 46.690' W
) “Asterochloris Barton Peninsula, King George Island
2015KGS-053 Cladonia sp. irregularis” 62, 13.502' S / 58, 46.690' W
) Barton Peninsula, King George Island
2015KGS-059 Cladonia sp. 62, 13.785' S / 58, 46.879' W
“Asterochloris
) irregularis” Barton Peninsula, King George Island
2015KGS-063 Cladonia sp. Asterochloris sp2. 62, 13367' S / 58, 47.021' W
REET)
“Asterochloris
) irregularis” Barton Peninsula, King George Island
2015KGS-064 Cladonia sp. Asterochloris sp3. 62, 13.149' S / 58, 45.955' W
(LIE=2H3)
Barton Peninsula, King George Island
- ladoni .
2015KGS-069 Cladonia sp 62, 12.928' S / 58, 45.619' W
“Asterochloris Barton Peninsula, King George Island
- ladoni .
2015KGS-074 Cladonia sp irregularis” 62, 12.976' S / 58, 45.611' W
“Asterochloris
) irregularis” Barton Peninsula, King George Island
2015KGS-075 Cladonia sp. Asterochloris sp3. 62, 13.221' S / 58, 46.309' W
(LIE=2H3)
“Asterochloris
) irregularis” Barton Peninsula, King George Island
2015KGS-077 | Cladonia sp. Asterochloris sp3. 62, 13.221' S / 58, 46.309' W
(LIE=2H3)
) Asterochloris sp3. Barton Peninsula, King George Island
2015KGS-080 | Cladonia sp. ABsE3) 62, 13.223' S / 58, 46.310' W
, Asterochloris sp2. Barton Peninsula, King George Island
2015KGS-085 Cladonia sp. (AZSHY) 62, 13.242' S / 58, 46.212' W
) Asterochloris sp3. Barton Peninsula, King George Island
2015KGS-087 Cladonia sp. (AESH3) 62, 13.236' S / 58, 46.153' W
. Barton Peninsula, King George Island
2015KGS-091 Cladonia sp. 62, 13.232' S / 58. 46.211' W
1 3) 20159 = A9 Fel| FA3st= phycobionte] | 5
Collection site
Strain No. Host name Photobiont . .
(Latitude and Longitude)
Placosis Barton Peninsula, King George Island
2015KGIC-01 contortuplicata 62, 13.219' S / 58, 46.442' W
i o Trebouxia sp Barton Peninsula, King George Island
2015KGIC-02 Ochrolechia frigida (MESH4) 62, 13219' S / 58, 46.442' W
2015KGIC-03 Sphaerophorus Trebouxia sp Barton Peninsula, King George Island
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globosus REEED) 62, 13.219' S / 58, 46.442' W
2015KGIC-04 Zign;;z):;;)rmia Stichococcus sp. ]63;1,rt(1)131';6:91?inssu/1a;81)(21542‘6(3‘56 Island
i Ki Isl
2015KGIC-05 L(z]s:ae;tiaco—atm ]:;,rt(ln?:.;zl?nssu/la;S, T6g.4g'e(€-vge sand
2015KGIC-06 | foliose ?Zrt‘l’;;‘?“;s‘l/la;;fiig,“i;}ge Island
201SKGIC-07 | Psoroma sp. PR gy e Iland
2015KGIC-08 | Cladonia gracilis ?Zrt‘l";;e;i‘;s“}a;8{(2%43(;6‘556 Island
2015KGIC-09 | Cladonia sp. fjjg;_h g’;; 2 ?Zrt(l);;e;m;u/la;;fii;éﬁ,ge fsland
2015KGIC-10 Psoroma hypnorum Ezrtﬁg';e;in;.l/la;815(216%4;‘6(156 Island
2015KGIC-11 crustose ]632'(1,rt(1)131'21)2691?inssu/1a;815(216g'4zc;e<§;]ge Island
2015KGIC-13 | Caloplaca sp. ?Zrt‘l";;‘?i‘;s“}a;;fiig?fvge Island
2015KGIC-14 | Ochrolechia frigida (T ij%)féfﬁ Sf)' ?Zrt‘l";;‘;‘fi‘:‘l/la;52‘54;?‘5\?6 Island
B Peninsula, King G Island
2015KGIC-15 Psoroma sp. 6;,“(1)1?:.22691?1118811/ a;& T6%429?(€.fe sian
2015KGIC-16 | Lepraria sp. ?Zml";;‘;‘fmssu/la;SI,(T?A(ﬁ?nge Island
2015KGIC-17 Himantormia sp. ?Zrt(l)g';?}inssjla;;fg?ztﬁ,e(;;]ge Island
2015KGIC-18 crustose ]632'(1’rt(1)131';e;inssu/la;815(216g'36C;’e<§;]ge Island
2015KGIC-19 crustose ]:;)ru;;;e;inssfa;815(216g'36C;e<§]ge Island
I Barton Peninsula, King G Island
2015KGIC-20 ZZ:ZZW " 62a,r (1)131.22?1113&1/ ass, ng.344'e(§fge o
B Peninsula, Ki Island
2015KGIC-21 | Lepraria sp. 6;,“‘1"31'1769‘?“:“/ ag& Tfog,e‘gvge slan,
i i Isl
2015KGIC-22 Acarospora sp. ]63;1,rt(1)1;;6291}11;511/1281,(216%02‘6(156 sland
2015KGIC-23 | Rhizoplaca sp. (T ggg; 6S)p ?Zrt‘l";E‘;?i‘;‘su/laggﬁnsg'gg?fvge Island
2015KGIC-24 | foliose ?Zrt‘l";;‘;Ifi‘;su/la;;,{ig'gg?‘@ge Island
Barton Peninsula, King G Island
2015KGIC-25 Psoroma sp. 62a,r (1)1;'1:;11;811/ a;& 14115g'939’e(i;]ge stan
Peninsula, Ki Island
2015KGIC-26 | foliose 163;,“‘1"31'1166‘}“:“/ ag& i%gg?‘i;}ge slan,
201sKGIC27 | Aamhora 1. decolorans e e ond
2015KGIC-28 Caloplaca sp. T. arboricola ]63;1’rt(1)1;ieginsw/la;;,(iztnsg'gg‘e(:'vge Island
i i Isl
2015KGIC-29 | Rhizocarpon sp. ?Zrt‘l";ieéfmssu/la;;fig'gg?‘@ge sland
2015KGIC-30 foliose T. impressa ?Zrt(l);ﬂegigsjlagglfig'gg,e(&ge Island
2015KGIC-32 crustose Trebouxia sp. Barton Peninsula, King George Island
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L))

62, 13.120' S / 58, 45.893' W

Barton Peninsula, King George Island
2015KGIC-33 Cladoni . “A. i laris” ’
adonid sp wresniars 62, 13.123' S / 58, 45.889' W
2015KGIC-34 Usnea antavetioa Barton Peninsula, King George Island
62, 13.123' S / 58, 45.889' W
Barton Peninsula, King George Island
2015KGIC-35 P . Elliptochlori: >
soroma sp iprochiorts sp 62, 13.123' S / 58, 45.889' W
2015KGIC-36 Pseudephebe Barton Peninsula, King George Island
pubescens 62, 13.123' S / 58, 45.889' W
Asterochloris spl. Barton Peninsula, King George Island

2015KGIC-37

Stereoaulon sp.

(AEZHI)

62, 13.123' S / 58, 45.889' W

T 4) 201613 F= %714 FWs Lol Moo Chico Mol A AW AolFol BEH B4 wx
() ¢+ SrE wFFo Ak
. . Collection site
Strain No. Host name Photobiont . .
(Latitude and Longitude)
2016KGIC-001A, | Stereocaulon , Barton Peninsula, King George Island
) Asterochloris sp.1
B (2 strains) alpinum 62, 13.219' S / 58, 46.442' W
2016KGIC-002A, i i
Cladonia sp. Asterochloris sp.1 Barton Peninsula, King George Island
B (2) 62, 13.219' S / 58, 46.442' W
2016KGIC-011A i i
Cladonia pocillum | Coccomyxa sp.3 Barton Peninsula, King George Island
(1) 62, 13.219' S / 58, 46.442' W
2016KGIC-012A, | Rhizoplaca , Barton Peninsula, King George Island
Trebouxia sp.4
B (2) melanophthalma 62, 13.219' S / 58, 46.442' W
2016KGIC-015A, o Barton Peninsula, King George Island
Unidentified C .1 ’
C Q) frdentie " A 62, 13.219' S / 58, 46.442' W
2016KGIC-018A-] i i
Cladonia sp. Asterochloris sp.2 Barton Peninsula, King George Island
(10) 62, 13.219' S / 58, 46.442' W
2016KGIC-019A-]1 i i
Cladonia sp. Asterochloris $p.1 Barton Peninsula, King George Island
(10) 62, 13.228' S / 58, 46.439' W
2016KGIC-020A- i i
Cladonia sp. Asterochloris sp.1 Barton Peninsula, King George Island
E (5) 62, 13.228' S / 58, 46.439' W
A ]%:0156 KGIC-021 Cladonia gracilis Asterochloris sp.1 Barton Peninsula, King George Island
E O 62, 13.228' S / 58, 46.439' W
2016KGIC-022A Trebouxia sp Barton Peninsula, King George Island
Psoraoma sp. R
(1) MBEZHT) 62, 13.228' S / 58, 46.439' W
2016KGIC-023A i i
Collema sp. T arbrocola Barton Peninsula, King George Island
(1) 62, 13.229' S / 58, 46.429' W
2016KGIC-024A ' . Barton Peninsula, King George Island
Lepraria borealis Coccomyxa sp.4
(1) 62, 13.229' S / 58, 46.429' W
2016KGIC-024B, , , Barton Peninsula, King George Island
Lepraria borealis Coccomyxa sp.2
D (2) 62, 13.229' S / 58, 46.429' W
2016KGIC-024C , , Barton Peninsula, King George Island
Lepraria borealis Coccomyxa sp.5
(1) 62, 13.229' S / 58, 46.429' W
2016KGIC-025A, | Cladonia , Barton Peninsula, King George Island
Asterochloris sp.1
B (2) chlorophaea 62, 13.229' S / 58, 46.429' W
2016KGIC-025C | Cladonia , Barton Peninsula, King George Island
Trebouxia sp.3
(1) chlorophaea 62, 13.227' S / 58, 46.401' W
2016KGIC-025D- | Cladonia ) Barton Peninsula, King George Island
Asterochloris sp.1
H (5) chlorophaea 62, 13.227' S / 58, 46.401' W
Xanthoria Morro Chico, Chile
MC-03A-B (2) candelaria T. decolorans 52, 320" S / 71, 25'27" W
MC-09A-C (3) Unidentified A. italiana Morro Chico, Chile
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52, 3'.20" S / 71, 25'27"

Trebouxia sp.

Morro Chico, Chile

MC-10A-D (4 ladonia sp.
C @) | Cladonia sp (53593 52, 320" S / 71, 25'27"
MC-11A (1) Unidentified A. italiana ls\gi’rg‘,"zf)?lgo’ } c71;1’1e2 5y
Sphaerophorus Morro Chico, Chile
MC-12A-1 (10 A. glomerat ’
01 robosus glomerata 52, 320" S / 71, 25'27"

Morro Chico, Chile

MC-14A-D (4 ladoni . .
C “) Cladonia sp Coccomyxa sp.2 52, 320" S / 71, 25'27"
Pseudocyphellaria Morro Chico, Chile
MC-16A-C (3 A. itali ’
O | scaprosa Hanand 52, 320" S / 71, 25'27"
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2) 20161 &= Al 712 2 A Morro Chicooll A A7 e 2| o] 7o Fe] Abx

a9 19T MEVIA T AR/ dA AL A 2016KGIC-001 (Stereocaulon alpinum), B.
2016KGIC-002 (Cladonia sp.), C. 2016KGIC-003 (Psudephebe pubescens), D. 2016KGIC-004 (Cladonia
gracilis), E. 2016KGIC-005 (Lepraria sp.), F. 2016KGIC-006 (Collema sp.), G. 2016KGIC-007 (Cladonia
scabriuscula), H. 2016KGIC-008, 1. 2016KGIC-009 (Cetraria aculeata), J. 2016KGIC-010 (Ochrolechia
fringida), K. 2016KGIC-011 (Cladonia pocillum), L. 2016KGIC-012 (Rhizoplaca melanophthalma), M.
2016KGIC-013 (Cladonia sp.), N. 2016KGIC-014 (Rhizocarpon geographicum), O. 2016KGIC-015.
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a9 2. 95 MEVIA FE AYgF A AR AL 2016KGIC-016 (Umbilicaria antarctica), B.
2016KGIC-017 (Psoroma sp.), C. 2016KGIC-018 (Cladonia sp.), D. 2016KGIC-019 (Cladonia sp.), E.
2016KGIC-020 (Cladonia sp.), F. 2016KGIC-021 (Cladonia gracilis), G. 2016KGIC-022 (Psoraoma sp.), H.
2016KGIC-023 (Collema sp.), 1. 2016KGIC-024 (Lepraria borealis), J. 2016KGIC-025 (Cladonia chlorophaea),
K. 2016KGIC-026.
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219 3. A Morro Chico#| ol A AT = 2]7F2] §A Al A 2016MC-001, B. 2016MC-002, C.
2016MC-003 (Xanthoria candelaria), D. 2016MC-004, E. 2016MC-005 (Thamnolia vermicularis), F.
2016MC-006, G. 2016MC-007 (Parmelia saxitilis), H. 2016MC-008 (Cladonia sp.), 1. 2016MC-009, J.
2016MC-010 (Cladonia sp.), K. 2016MC-011, L. 2016MC-012 (Sphaerophorus globosus), M. 2016MC-013, N.
2016MC-014 (Cladonia sp.), O. 2016MC-015 (Cladonia gracilis), P. 2016 MC-016(Pseudocyphellaria scabrosa).
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Aol A 187 W] A vFdE Loty 9l 9
ITS 5915 WA 471D =49 (L7 4

dHx Fo HFE& 4508 dHAH, 5
(Asterochloris, Trebouxia)®l %3l & 1He]
d719& AE EAS AASHA 5.

@ Asterochloris®:

- & &2 TrebouxiaZ ¥ FE|7F wi- FARSES, 7 S3F E
ke T ] - ol & (LH 8-10).

- ITS 7919 7384 7144 S o] &3 Al 23 7749
A&SZ Yrold (29 4).

® Trebouxias:
- v‘i‘—x}fﬁ.e &l ITS1, 5.8S, ITS2 A FES =3
A7IME BEXS AN AyHor dF xoF{

95‘—% ol (29 5).

ofd I
ox
o\ :{01'

rlo

OO

® Stichococcus=;
s R

@ ElliptochlorisZ

- TG E el gk

= Al Ade A9
of A (1€ 4).

1) Zd 9 Morro ChicoR| Gl +2]¥ v ST Asterochloris glmerata®| %3 A%

FA HZF Asterochloriss2 719 AlETFo®E YT

4

2) Asterochloris glmerata®} ArvllitS A 8= Asterochloris sp. nov. 1
3) A. magna®t Avlats FAsH, AshA &
4) A. woessiae®t 7 GA TS o] F & 2016MorroChico-A -

ﬁ

| 52 @A 3F= Asterochloris sp. nov. 2.

o
ol

5) A. woessiae®} At FA 3= A sejongensis. AA =E O E EUT Y.
6) Z# <2 Morro ChicoX|H oA &2 wl&E A italiana°l %3t 7§
7) 7ot A GAlE S ol FH, ASH X7t EEE S Asterochloris sp. nov. 3.

AAFo=z  ME7IA FHIG} AH  Morro  ChicoX G4 APA  AoF FA

Asterochloris%s2 T2 Alg o= Yol x| H, 3719 A Sl EH%HHL:— MRS BEto] & 715
ol mig- =k 53], 15 Wl AF BaE ste] w4 staAe] F3 9l AA EA
g, 4%o] Aol A A0w AR aedme SOAd WA A BEel WA A

S o=z Bt
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3) T. asymmetrica®t A& FAst= A&

4) T M 5HAQ GAFTTE (Trebouxia sp. nov. 2 & Trebouxia sp. nov. 3)

5). T. impressa complex®| Z3t= A 7le] @Al 55 (Trebouxia sp. nov. 4, Trebouxia

sp. nov. 5, Trebouxia sp. nov. 6)

6) T. jamesii Tholl 7|3tal = M= GAS T (Trebouxia sp. nov. 7)

Trebouxiasr o] 5L F TR vH4o] 7bsstH, UHA] 7o M= A4
AAAE Btk B3 olE AlgvES M= AS4 AAE AAZ By olye} A ZE F
O Hilxojop & Ao R Az Ht}

1

f
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o

2016MC12H "~ 7 """ 7T mTTmsossossoossossossoosossossoosoooos
2016MC12E

2016MC6E

2016MC121

2016MC6D

UTEX1712 (host Cladonia squamosa) AF345406

UTEX895 (host Stereocaulon evolutoides) AF345382

2016MC12J

2016MC6B

DP02 (host Diploschistes muscorum) AMS05998 A. glomerata
SAG33.85 (host Stereocaulon evolutoides) F1626732

2016MC12G

2016KGIC02A
2016KGIC19F

2015KGS006A

2016KGICOTB '

2016KGIC02B Asterochloris sp. nov. 1
2016KGIC025C

2015KGIC0338

2015KG5010C

0.99/65

1.00/100f

STER1 (host Stereocaulon pileatum) AMS05999 : .
UTEX2236 (host Stereocaulon sp.) AF345411 A. irregularis
Backor13 (host Cladonia atbuscula) AM306000
2015KGS049A
2015KGS085A 3
2015KGS063A Asterochloris sp. nov. 2
2016KGICO18A, 2016KGICO18F
UTEX902 (host Pilophorus aciculare) AMS06012
LEP48  (host Leprariasp.) FN556046
T51501 (host Psora decipiens) KF907669
RidkaPA3 (host Cladonia'sp) KP318675 ...
LEP36 (host Lepraria nylanideriana) AM200493
LEP34. (host Cladonia borealis) AM906015
LEp15  (host Lepraria caesioalba) AM906014
Peksa1008 (host Cladonia foliacea) AM06016
MACB90622 (host Cladonia foliacea) FM205731 3
CAUPH1009 (host Cladonia borealis) AM900492 A. woessiae
(host ile) DQ229886
2016MorroChico_A
Nelsen3637b (host Lepraria nigrocincta) EU008681
(host Lepraria crassissi
Nelsen2166a (host Leprariasp.) EU008687

2015KGS007A
ao/97|:| !:Zmé?JGSSKOGB[)SS”B A. sejongensis sp.nov.
2015KGS064B

1.00/1007— Peksa855 (host Lepraria rigidula) FN556031
DIP03_Peksad95  (host Diploschistes muscorum) KP318676
[ UTEXO11 thost Cladonia cristatella) AF345440 -~ =2 = oo oo "
N 375 (host AF345442 A' erici

Nelsen3951 (host Lepraria caespitecia) DQ229879
Nelsen 3973 (host Lepraria lobificans) EU008678
West & Wested s.n. (host Lepraria sp. MPN-2) EU008685
(host Leprari i EU008664
Nelsen3961 (host Lepraria lobificans) EU008676
Nelsen3974 (host Lepraria lobificans) DQ229877
Neslen2590 (host Lepraria lobificans) EU008680 iodlii
Nelsen3970 (host Lepraria lobificans) EU008677 A. friedlii
Nelsen 2453 (host Lepraria sp. MPN-8) EU008691

CAUPH1011 (host Lepraria caesioalba) AM905995
Nelsen3962 (host Lepraria caesiella) EU008661

EP33  (host Lepraria caesi
051/ 1.00/100 Nelsen3965 (host Lepraria caesioalba) EU008663
Nelsen3976 (host Lepraria lobificans) EU008679
LEPO4 (host Lepraria caesioalba) AMS05994. _____________ ...

0.60/-

0.95/71

0.85/-|

1.00/99

L—utexeto (host Cladonia cristatella) AF345439

0.99/72) JichonA053014A
WandoB3
LEP27 (host Lepraria caesioalba) AM306009
LEPO2 (host Lepraria caesioalba) AM906007
LEP28 (host Lepraria alpina) AM906010 A. lobophora
CAUPH1014  (host Lepraria caesioalba) AM906008
DIPO1 (host Diploschistes muscorum) AM906011

EPOT (host Lepraria caesioalb
Nelsen3950 (host Leprariact, bacillaris) DQ229878. ... ... ...l
LEPO7 (host Lepraria neglecta) AM06013
Peksa858  (host Lepraria sp.) FN556025 L.
SAG26:81 (host Anzina cameonivea) AM900490 A. phycobiontica
LEPOS (host Leprarianeglecta) AM00491

0.53/81 LEP32 (host Lepraria caesioalba) FM955666 .
—02/22|:|:LEP55 (host Lepraria caesioalba) FM955667 A. echinata
CAUPH1012 (host Lepraria rigidula) AM905992

UTEX67 (host Cladoniasp.) AF345423
2016MC16A

CCAP219/5B (host Xanthoria parietina) AM906001

Hammer7212 (host Cladonia capitellata) AF345421

2016MC9B

2016MC11A

Hammer7090 (host Cladonia scabriuscula) AF345424 _________ .

Peksa872 (host Lepraria caesioalba) FN556041
—V’Wi:'_—nksasn (host Lepraria caesioalba) FN556042
09 Peksa870 (host Lepraria caesioalba) FN556043

CAUPH1013  (host Lepraria rigidula) AMOOS97 -~ ===== === === oCoooooooooooooeooooooioooo
Peksa877 (host Lepraria rigidula) FM955668 ;
1.00/98 (host Leprariaincana) FN556037 A. gaertneri

Peksa900 (host Lepraria rigidula) FM955669
C5 (host Cladonia convoluta /foliacea) KP257370
€20 (host Cladonia convoluta /foliacea) KP257385
i I foliacea) KP257382
€23 (host Cladonia convoluta/foliacea) KP257388
€19 (host Cladonia convoluta/foliacea) KP257384
€31 (host Cladonia cervicornis) KP257396 i
€1 (host Cladonia convoluta/foliacea) KP257366 A' med’terranea
€14 (host Cladonia convoluta/foliacea) KP257379
€32 (host Cladonia cervicornis) KP257397
€29 (host Cladonia rangiformis) KP257394
C2 (host Cladonia convoluta /foliacea) KP257367
C15 (host Cladonia if i

LEP23 (host Lepraria caesioalba) AM906003
LEP30 (host Lepraria neglecta) AM906005 i
Md:gupmom (host Lepraria neglecta) AM906002 A Iepr arii

LEP25 (host Lepraria caesioalba) AM906004.

1.00/93 2233f (host Pilophorus cf. cereolus) DQ229883
I_l—i—Nelsen2181b (host Stereocaulonsp.) DQ229884
1.00/9%, Nelsen2211a (host Leprariasp.) EU008684
L RidkalH20 (host Cladonia scabriuscula) HE803038

UTEX 1714 AF345433 - -------------------ooomooooooe iy

UTEX1714. (host A.excentrica___l

1.00/92

0.51/ -] Nelsen2585 (host Leprariasp.) EU008690
Peksa815 (host Cladonia fimbriata) FM945359
Peksa921 (host Cladonia rei) FM945378

Talbot101 (host Stereocaulon paschaie) DQ229887
Peksa796 (host Cladonia fimbriata) FM945358
Peksa787 (host Cladonia rei) FM945380
Peksa860 (host Lepraria alpina) FN556035
2015KGIC037B
0.001 2015KGIC037D i
o001 R Asterochloris sp. nov. 3

2015KGIC037A

4. Bayesian tree of the genus Asterochloris based on nuclear ITS1, 5.8S, and ITS2 sequences data.

_24_




2014KGHO16D
RV028A JQ993785
P85lla AJ969537
P54ila_AJ969530
A5 AY804022
SAG2191a FJ626725
UTEX180 JF831903
\Y804023
6011b_ AJ969610
RV036A JQ993793
\VO08A Q993765
RV030A JQ993787

T. arborcola

RV024A Q993781
Péla AJ969511
M0102925 JF831918
L16IA AJ969!

P319l1c2 }U969597
P246laSc AJ969574

0.98/68

1exs781 626728
3 KJ027686

2015KGIC027A

L275|I AJ969580
7Vib AJ969586

P1ZDaIIIb 960945

AJ969577
L9 AJ969514

0.68/54

AB99082B1 AF453259

T. decolorans

RV020A Q993777

Trebouxia sp.459 AM159206
1 B207 AF344177

99.023C2 AF3dairs

T. asymmetrica .

G4S8E
TrebouriaspaAG2463 KMO20032
2015KGICO32A

2015KGIC032D

2015KGICO:

Trebouxia sp. Tnnkau5439 AJ29378
Trebouxia sp. DQ13348

Trebouxia'sp. AV7DSG05
Trebouxiasp. DQ133484

1.00/60

094721 Trebouxia

BRYC!

BRYC55204 5F026272
s}

Trebouxia spp DQ133495

Trebouxia sp.nov. 1 [

Trebouxla sp. AY703898

06114 mxg. DQ133478 .
UTEXZZB_I AF242468 T.
Trebouxia sp. Tuerk5145 7.
UTEX2234_AF242470 *** - Foh n
SAG2009_FI626734 oo

L.incrustata.

Q133474

2014KGH026A
0.59/19 2014KGH026C
2014KGHO26E .
2014KGHO09A Trebouxia sp. nov. 2
2014KGH026D
2015KGICOT4A
201 AKG HOZEB
pl RVC55181 KF02625
0.79/29 Trebouxia sp. 98. O]DZE% 4 OACH49572
Fanit Trebouxia sp. nov. 3
1.00/95 1.00/100 0.46/76p= UTEX2233 FJ626733 - e
7166, Treboiuxiasp. IN0E0142 T. jamesi
S Mo sp. IN9BO14S
Trebauxm sp.AO10 JQ004555
g )4 JX144654
Trebouxia S)p Ao4 1000455|
rebouxiasp. KJ576667
2015KGICO07A
2014KGHO48F
2014KGH048C
381 ikeroiss ;
s S07AK N 040 Trebouxia sp. nov. 4
& == 2015KGIC002B
2015KGIC002
2 SKGIo]
100/ 58764 Trebouxiazp, EU795065
__1.00/93} Trebouxia sp. £UTS.
Trebouxia sy AJ293738
GZUH49249 JN20483!
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C) Asterochloris%: 2] 3 H

S AWNH P 7Y EE

% 8. Light micrographs of cell morphology of Asterochloris sp. (2016KGIC-021A). A. Light micrographs
showing chloroplast and nucleus (n). B. Light micrograph showing deeply lobed chloroplast and young
spores. C. Deeply lobed chloroplast shape. D. Aplanosporangium bearing more than 64 aplanospores. Scale

bars=10 um.




= 9. Light micrographs of cell morphology from Antarctic Asterochloris taxa. A-C. Light micrographs

showing cell morphology of Asterochloris sp. (2016KGIC-018F). A-B. Cells with laterally positioned nucleus
(n) and one chloroplast bearing a pyrenoid (py). C. Aplanosporangium with cell wall thickening (T) and
aplanospores (less than 32 cells). D-G. Light micrographs of 4. sejongensis sp. nov. 2015KGS-064B showing
various stages of life cycle. H-J. Light micrographs of 2015KGIC-037D showing chloroplast (cp), pyrenoid

(py), and nucleus (n). Scale bars=10 um.
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J= 10. Light micrographs of cell morphology from Antarctic Trebouxia taxa. A-B. Light micrographs of

2015KGIC-32D showing early step of aplanospore formation (A), chloroplast and pyrenoid. C-D. Light
micrographs of 2014KGH-26A showing chloroplast and nucleus. E-F. Light micrographs of 2016MC-10A
showing chloroplast (cp), pyrenoid (py) and nucleus (n). G-H. 2014KGH-048H. I-J. 2016KGIC-22A showing

autospores in mother cell and nucleus (n). Scale bars=10 um. Scale bar in Fig. A. is the same to Figs B-E.
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H 6 & AFLdndolM srle sfasi|=d

P EA R F/o ZASE v A ZFQ AsterochlorisE S Bl d H ol Trebouxia &2

= S AR NEE o7 EFEAY (Tschermak-Woess 1980) o] %
Trebouxia 2] FE5°] & Trebouxia 53 ERA o E EFHEH
(Friedl and Zeltner 1994, Friedl and Rokitta 1997), Asterochloris% 2.2 A&FE v} E} (Helms
et al. 2001, Piercey-Normore and DePriest 2001, Skaloud and Peksa 2008). 53], A 32] Skaloud
and Peksa (2010) Wd A7 B2 THEFRE T o859 AEdFd = A58
2 Husgon, HZ Skaloud 5 (20158 AF 659 AES =24 FE, A7|NE FEE
o] &g EAATEA, 281 I ITSl, ITS2 W@Z}J A7 O]Z}:rL—LOﬂ 1 & 5ol4 471
Ad Wolg EAstY F 4= A ERAAE Fesidt 28y o5& FE fFH A
ofFet FAXRE TAHLR AT AW FAEF B A=, E5 James Ross
Islandol| A R &]F Usnea antarctica Z-1~1 201213 |7 E o] &2 wLFE Trebouxia sp. o= Ul
Aor no upE AAE T3 AFZAFr EEH v gl (Balarinové et al. 2013).

SAY FAZF e BRGH AFE ojds] ARsgon, 53 AdF FA
5ol Wg A= wg vEFsiv 28, g AR AlEFe A E5dA Ass T
st 59 A7 HaxEE Ao Hol (Sciuto et al. 2015), :LX]HLJ AEoheFd 3 mAz=/
Mg SR R BR AP A e de AA@,

AT Y 71 Bk FAE AT ARAM DGAAE Bt Sud T4
29 T Ad A7 BHe me By FHJdv vRdA vl s S 24 ASEA
& 2z ABden Sydor BRYE R A7 AFaAch FHEAL A8 B
W FxA AuAS AFESte] MEes QEA FxRE BA SRS, AsterochlorisZr o] R A
&2 (Key character)®l &) ITSI, ITS2 tDNA A #9] oA+ 25 NS AR A3 AFS
H=Z AAsH T
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