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An Ecological Analysis of Lichens Distributed in Rocks of Coast and Field in U-do by Molecular Tech-
nique. Kahng, Hyung-Yeel*, Byoung-Jun Yoon!, Sung-Hyun Kim, Duck-Ja Shin, Hyun-Woo Kim, Jae-
Seoun Hur, Eui-Sung Kang?®, Kye-Heon Oh®, and Young Jin Koh?®. Department of Environmental Educa-
tion, Sunchon National University, Suncheon 540-742, Korea, "Biomaterial Research Division, Korea Research
Institute of Bioscience and Biochemistry, Daejeon 305-333, Korea, 2Korea Lichen Research Institute, Sunchon
National University, Suncheon 540-742, Korea, Department of Computer Education, Sunchon National Uni-
versity, Suncheon 540-742, Korea, *Department of Life Science, Soonchunhyang University, Asan 336-600,
Korea, *Department of Applied Biology, Sunchon National University, Suncheon 540-742, Korea — This study
was initially performed to obtain fundamental data on lichen distribution depending on environmental condi-
tion. Lichens distributed on coastal rocks at least 20 m far away from the coast were also investigated. Analy-
ses of morphological characteristics and rDNA ITS clones revealed that lichens containing 9 families and 15
genera were distributed in coastal rocks of U-do, while lichens containing 10 families and 14 genera were in
field rocks, demonstrating little difference of diversity between both sites. Foliose lichens such as Phaeophys-
cia, Physcia, Pyxine belonging to the family Physciaceae were representatives distributed in coastal rocks of
U-do, along with Xanthoparmelia belonging to Parmeliaceae, fruticose lichens such as Ramalina to Ramali-
aceae, and crustose lichen Lecanora to Lecanoraceae. In contrast, foliose lichen Cladonia belonging to the
family Cladoniaceae, fruitcose lichen Stereocaulon to Streocaulaceae, and crustose lichen Porpidia to Porpid-
iaceae were found only on the surface of field rocks. Crustose lichens containing genera Caloplaca, Can-
delaria, Dirinaria, Graphis, Rhizocarpon, and Pertusaria were rarely distributed in coastal rocks, and most of
them were also found in field rocks.

Key words: Lichens, rDNA ITS, U-do, PCR

Aelfe Folel FPUS Tl HelE ANT + At
ZREER, SRRV BABAE 415 Qe AEAL,
Aol A DA AR]o] Akt FAe ol 27177
=9}, 43, uhs] § cekek Be) REST QARHIL 14]
a1 Aol o7l esel FE2 WRsle] Z1F, B 4
29 AARA, 242 5 A $AA 2900 v
72} B sk Wt Hole RIS 249 8
9z <t HHYUR AH0E U] Fo2 WEE 9B
s} AgH] Sol Aol 2 ek B AL ehdet
3,51 58] oAbkt 42 $o 0GB oL A
ofel AYAE A - A2 IATIAY, 227
Tt ZAYL S Seleks B9l ez G Fo

*Corresponding author
Tel: 82-61-750-3385, Fax: 82-61-750-3308
E-mail: kahng@sunchon.ac.kr

Aol Aolfe Aol F4E ZHsl ot ol
Ao Fe HH e 2vet I PAEE & e AR
Foz AMgsp)o A AEA oY 1 G F3
=7} ef®ol Higt At Ase Bed P Sl 53] A9
T FAETF o3 FIAE 3o 39 AAEAe o
g sl oS B ok EAAA N E YA s}
A Fefsl Qo] BeiAE FAIsR= sl Al 3
£ 3l T dut. HZele AFEH, Ft
gujol|2A], x| BA|, A2ANE WAR= ol 22l
7} o]l 45 T glom 1 S8 HA HeHo vl=,
H, 9B FAHoE U ATt o] FolR T Sl
Ak 2|2 F BXo) Hat 2717 sl ¥ 19704
dellA 1980 el o] 2] HRAbS FHoE ERHoE
o] Foix)7] Alzkste] 1900 oA 74A) AghEl wgle)
A7} ALEe] o1, 2,4, 211, 1990wl FE A7}
ol ojaled Rt W2 w9l A7t ol Feizrt. Park(24]



< =8 2] Aol PR {FE AN sle] BRI v}
S, Ka ${17} &5 #£E3h= X|9{2 B v}
Ut A o] Eell o3 Bty 3= 2|2 Fo) Al
9] o] oju] £AEAL v]Fol} YR Foll BHAE
o] Al AlA oloiA] A X9 Fell ] FUA R = b)
5 Ak olet. FT A X F ATE F2 Yo
FEAlet FHE Ao 7] 8ol #3 A3, 512, Hur
115, 16101 &J3led Ut AF7} o] Fo2| 32 g)or} of
74 A7) M= BA% 02 o] Fox]A] ¢k A}
golo}. 53] Mol Fx3l= AFATE A9 gle A
Aoloja] bR o) Fol| g A7rF AR AR oo,

£ d7eAE AT E AAAG ez el glu 2
A3 "dojA glo] 297 Bl Hgt x2b4 AP} 7}
T3 A A =8 AR d7A A= A B
ATME e PAIE AHshe sligh) el Bxsl=
A2 Fek Aol BE3l= X)o7 el E v|wEA 3}
o 42 7|2 AEF Avlskaz) g

e o Uy

Xol® AEMY ¥ Aol 8y

£ Age] AR AlEE N33°30° E126°56%] 918t A
FAH 22 A 2ol EX3e A FE des
3HATk(Fig. 1). sipet A2 Al dieb ke w94
o $EII e X2l Foh s b2NE 20 m o)A Pol
A el Aot gl v =% AR AT 2R
Aol B¥EF= A HS ZAEE ARG AR A
Bx ek AE BB N[5 EAYESA
EAE Ssle] AR $74% B 2|72 )
e 542 A FER 61 FE3l TA3A. Gl
TESL Sl AR T GAEH S A E
Ao FHE] Basled EAYEIE AL 95 Alag

P U-do
s . RS
-33°30° Pl MaHE
" Jeju as®
i Seongsidn
5 A /
)% Mt. Halla -
i /

Seogwipo

\\ - e . \‘,/\/j .»\:_\: ]
o &

; 126°30°9 _ wpum

Fig. 1. The map for lichen collection in Jeju, Korea. The dotted
circle in the map indicates the sampling site, U-do located in N
33°3023"-27", E 126°56'19"-29".
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Table 1. Comparative analysis of lichens distributed in coastal and field rocks in U-do.

. Coastal Rocks (Basalt) Field Rocks (Basalt)
Family Genera Type -
Height? CS1  CS2 (CS3 Cs4 FS1 FS2 FS3 FS4
Cladoniaceae Cladonia FO*  Nowhere - - - - - R - -
Graphidaceae Graphis CR Top - R - R R R R R
Lecanoraceae Candelaria CR Middle R C - - R - R -
Lecanora Bottom R C C R R C R C
Parmaliaceae Xanthoparmelia ~ FO Top C C - - - - R -
Pertusaiaceae Ochrolechia CR Nowhere - R - - - R - -
Pertusaria Top - R - - R C C R
Buellia CR Nowhere - - - - - R R -
Dirinaria Top - R - R - C C -
Physciaceae Phaeophyscia FO Top R C - R - R - -
Physcia Top - C - R - - - -
Pyxine Top - C - C - - - -
Porpidaceae Porpida CR Top - - - - - C C R
Ramalinaceae Bacidia CR Middle & Bottom - R - C - C R C
Rhizocarpaceae Ramalina FR Top - C -~ R - - - -
Streocaulaceae Rhizocarpon CR Middle - R - - - - - -
Streocaulaceae Stereocaulon FR Nowhere - - - - - C C R
Teloschistaceae Caloplaca CR Middle & Bottom - R - - - R - -
Verrucariaceae Verrucaria CR Bottom C C C C - - - -

Symbols(*) indicate FO, foliose, FR, fruticose, CR, crustose, C, Common, R, Rare; a) Top, 2~2.5 m high; Middle, 1~2 m high; Bottom, below
Im. Four spots of coast (CS1~CS4) and four spots of field (FS1~FS4) were investigated for comparative analysis of lichens.
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Fig. 2. Representatives of saxicolous lichens distributed in coastal rocks of U-do. A, Candelaria sp.; B, Caloplaca sp.; C, Ramalina sp.;
D, Pyxine sp.; E, Graphis sp.; F, Physcia sp.; G, Phaeophyscia sp.; H, Lecanora sp.; 1, Rhizocarpon sp.; J, Xanthoparmelia sp.

Cladonia sp.; E, Lecanora sp.; ¥, Phaeophyscia sp.; G, Pertusaria sp.; H, Porpidia sp.; 1, Stereocaulon sp.; J, Bacidia sp.
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Fig. 4. The tree showing the phylogenetic relationship between lichens found in U-do Islet and identified lichens. Approx 400~450 bp

of 5.8S rRNA sequences containing ITS region of lichens living on

coastal rocks in U-do islet were analysed and used for the construction

of the dendrogram. The rDNA ITS sequences from genera Graphis, Porpidia and Streocaulon were not used to make the tree due to lack or
unidentification of rDNA ITS sequences in the analysed data. The asterisk (*) indicates the lichen only found in field rocks.
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F¢l Caloplaca, Candelaria, Dirinaria, Graphis, Rhizocarpon,
Pertusaria 50| 3|17} Aol EE3}1T glSo] Fel=gle
v ol ZEA Jepd e o] F Ao EF: #alrielA
vl He] "oizl x| A i FEIT gl
Bk

REFERENCES

1. 715, o34 1975. 8452 AJ )5 el gt
A28 3]7 18: 38-44.

2.8k, 1983, GfAE QA1 B Al gleEs)
%] 6: 145-151.

3. A% A kL 1995, AT di7) e o] Eoke) 3}
apdl B4, %)), WU 9 SPALERIT] o]l of e, g
1 e3)#] 84: 178-185

4. 2A4], o]*d 5. 1980. E-F-At Lehe] w3y o] 7]l A3}
of . gh=8t3] =] 8: 149-157.

5. 81204, 2], 2000. AL A2 2|75 o] 87 o E RIF
A A F A gk w3 A 89: 65-76.

6. BT FIH . 1994. 2 B AR RKEVIRIER . R E I

7. Armstrong, W. P. and J. L. Platt. 1993. “The marriage between
alga and fungi.” Fremontia 22: 3-12.

8. Bhattacharya, D., and T. Friedl, G. Helms. 2002. Vertical
evolution and intragenic spread of lichen-fungal group I
introns. J. Mol. Evol. 55: 74-84.

9. Bomeman, J., and R.J. Hartin. 2000. PCR primers that
amplify fungal rRNA genes from environmental samples.
Appl. Environ. Microbiol. 66; 4356-4360.

10. Brodo, LM., S.D. Sharnoff, and S. Sharnoff. 2001. Lichens
of North America, Yale University.

11. Dom, R.I. and TM. Oberlander 1981. “Microbial origin of
desert varnish.” Science 213: 1245-1247.

12. Fischer, M. M., and E. Triplett. 1999. Automated approach
for ribosomal intergenic spacer analysis of microbial diver-
sity and its application to freshwater bacterial communities.
Appl. Environ. Microbiol. 65: 4630-4636.

13. Gardes, M., and T. D. Bruns. 1993. ITS primers with enhanced
specificity for basidiomycetes-application to the identifica-
tion of mycorrhiizae and rusts. Mol. Ecol. 2: 113-118.

14. Hawksworth, D. L(1988). The fungal partner. In: CRC Hand-
book of Lichennology. Vol. I. ed. by M. Galun, pp. 35-38.
CRC Press, Boca Raton, F1, USA.

15. Hur, J.-S., E.-S. Kang, M. Kim, S.-O. Oh, H.-Y. Kahng, H.-
W. Kim, J.-S. Jung, and Y.J. Koh. 2004. Recent progress in
lichen research in Korea from taxonomic study to environ-
mental application. Plant Pathol. J. 20: 30-40.

16. Hur, J.-S., H., Harada, S.-O. Oh, K.-M. Lim, E.-S. Kang, S
M. Lee, H.-Y. Kahng, H.-W. Kim, J.-S. Jung, and Y.J. Koh.
2004. Distribution of lichen flora on South Korea. J. Micro-
biol. 42: 163-167.

17. Ka, K.-H., H,, Park, and C.-1., Ryoo. 1997. Lichen flora of

A A7



340 KaHNG etal

Ullung island(l) -Graphis and Pyrenula Genera-. Kor J.
Mycol. 25: 77-84.

8. Kahng, H.-Y., J. C. Malinverni, M. M. Majko, J.J. Kukor.
2001. Genetic and functional analysis of the the operons for
catabolism of alkyl- and chloroaromatic compounds in
Burkholderia sp. Strain JS150. Appl. Environ. Microbiol. 67:
4805-4816.

19. Maniatis, T., E.F. Fritsch, and J. Sambrook. 1991. Molecular
cloning-A laboratory manual. Cold Spring Harbor Labora-
tory. Cold Spring Harbor. N.Y.

20. Martin, M.P,, S. LaGreca, and T. Lumbsch. 2003. Molecular
phylogeny of Diploschistes inferred fro ITS sequence data.
Lichnologist. 35: 27-32.

21.Moon, K-H., S-T. Park, and K-H. Min. 1991. The addi-
tional lichens in Mt. Deogyu. Kor: J. Mycol. 19: 22-26.

22.Nash, T.H. 1996. Lichen Biology. Cambridge University
Press, Cambridge.

23. Normand, P, C. Ponsonnet, X. Nesme, M. Neyra, and P.
Simonet. 1996. ITS analysis of prokaryotes, p. 1-12. InD. L.

Akkermans, J. D. van Elsas, and E. 1. de Bruijn (ed.), Molec-
ular microbial ecology manual. Kluwer Academic Publish-
ers, Amsterdam, The Netherlands.

24, Park, Y.S. 1990. The macrolichen flora of South Korea. The
Bryologist 93: 105-160.

25. Peters, S., S. Koschinsky, F Schwieger, and C. C. Tebbe.
2000. Succession of microbial communities during hot cor-
posting as detected by PCR-single-strand-conformation poly-
morphism-basec genetic profiles of small-subunit 'TNA
genes. Appl. Environ. Microbiol. 66: 930-936.

26. Tschermark-Woess, E. 1998. The algal partner. In: CRC
Handbook of Lichennology. Vol. L. ed. by M. Galun, pp. 39-
94. CRC Press, Boca Raton, F1, USA.

27. Ulrik S., and F. Lutzoni. 2003. Molecular phylogenetic study
at the genetic boundary between the lichen-forming fungi
Caloplaca and Xanthoria (Ascomycota, Teloschistaceae).
Mycol. Res. 107: 1266-1276.

(Received Oct. 1, 2004/Accepted Nov. 10, 2004)



