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Table 1. Ganoderma strains used in this study.
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B RS 4417 A2
G. applanatum ATCC 44053 Quercus crispula Japan
G. applanatum FP-57035-T oak (uercus sp.) Maryland, USA
G. lobatum ATCC 42985 Populus balsamifera Canada
G. lucidum ATCC 64251 Acasia confusa Taiwan
G. lucidum FP-103561-T dead willow (Saliv) Louisiana, US.A.
G. lucidum ES70701 - Eumsung. Korea
G. meredithae ATCC 64492 Pinus taeda Louisiana, USA.
G. microsporum ATCC 76024 Salix babylonica Taiwan
G. resinaceum ATCC 52416 Ulmus procera Argentina
G. subamboinense ATCC 352420 - Argentina

var. laevisporum
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Plate 1. miDNA RFLP profiles produced by BamH! (Fig. 1). Bglll (Fig. 2). EcoRI (Fg. 3). Hindlll {Fig. 4. Pvull
(Fig. 5). and Xbal (Fig. 6) digestions.
S. 1 kb ladder: LO. G. iobatum ATCC 42985. APL. G. applanatum ATCC 44033; RE. G. resinaceum
ATCC 52416: SU. G. subamboinense var. laevisporum ATCC 52420: LUL. G lucidum ATCC 64251:

ME. G. meredithae ATCC 64492: MI. G. microsporum ATCC 76024: AP2. G. applanatum FP-57035-
T: LU2. G lucidum FP-103561-T: LU3. G. lucidum EST0701.
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Table 2. BamHI. Table 3. Bgill.

Lo TAPL[SU [LUI [ME (M1 [APZ [LU2 [LiB o [am Tsu T [Me (M [aP2 (L2 |13
Lo l02412 j0.0676 j0.2997 Lo 1760 03662 02205 ja.0884 [0.1450 o181
APL | 44 Jazsn 120 an e 131 0.1780 [0.1831 j0.2088
SU [N [NC 03120 su [ND [ND
un {wp [ [ un o [0 o
ME [ND |ND [ND [ND ME |28 [Nc [ND [ND fo13i4
Mi_[417 ]2m 213 [v0 | nD 0.2507 03466 M {415 (818 [ND [ND [NC 0.3358 j0.3752 jo.1964
AP2 [ 421l 415 [NC IND [ND |41 e | | AP2 | 1420/ &8 | ND [ND |NC | 215 0.2086 |o.3862
LUz {418 (213 [NC [ND [ ND |26 {20 LUz | 124/ 824 |ND | ND | 10/22] 209 |44 o134
LU3 IND |ND [ND |ND |[ND [ND [ND |ND LU3 | 618 ([ &21 |[ND |ND | NC | 443 | 218 | 10/2]
Table 4. EcoRI. Table 5. HindlIII.

o Jan [su~[un|mME [ [arz L LB L fam [su [l [ME [M [aPz [0z [LB
10 |~ losos4 joaoor loasz lozes Joags4 fursz 0 jozea1 o412 o240 fo.yeme Jo.3o1e Jo0e0s Jo2x27 jo2ser
AF1 | 25 ko176 Joz8a Ja1s27 jo.1964 lo220 o215 APl |42 65 (03919 03838 |0.3752 {02915 02379 J0.1736
SU | e | a7 j02412 jo3388 jo.m19 fo.1831 02412 su [z [ez jo.0071 Jo28a1 J0.2088 J0.3054 |02507 Jo2507
L [Np {ND [ND {1 T L (e [z |2 {03919 Jo2007 {a 2310 [0.1064 0362
MB | 1| vz |47 [N lo3838 Jo2444 Jo2915 Joa314 ME |82 |22 |4z |2m lo:3752 Jo.2915 Jo.1800 Jo3ser
M [NC Jem [215 [ND |22 2310 02764 jo2682 Ml 221 [219 [em |60 [ 219 0.3096 102985 j0.34%5
APz |18 &8 (221 [ND | o% [em loaxsz jazss APz | uas| v (vs (e [ |22 2088 o208
Lz 82 e (618 [ND | 42 (621 | 1227 Jozze0 LUZ | 827 | &/%5 | 6/21 | 826 | /25 | 474 | 878 Jo3996
un 15| ez (417 [ND | 102] 420 6226 [ o8 | LU3 | 419 [ 617 {419 | 218 [ 217 [ 206 [ a0 |22 |
Table 6. Puull Table 7. Xbal

10 AP [su [uun [Me [M [aPz [Lu2 [LU8 ~_Jo Jam [su JLui [Me [M1 | APz | LUz LG
Lo 102507 02986 los23]  logsa1 Joaess o310 Lo 04513 02915 10.3054 02626 04142
AP1 | 118 o285 | lozse7 jo2310 APL |20 2764 0.3054 J0.2007
su {222 loz10 Jozma loz310 su [wa [nc 3243 011 jo 3120
w {~c [nc |Ne LUl [ND |ND | ND
ME [214 [NC |28 [NC jo.3120 Jo.208s lo.1352 ME |[ND [ND [ND [ND
M _|ND |ND |[ND |ND [ND M {425 |42 [214 [ND [ND 0.1527 [0.3358
APz [12717] 217 |21 [nc |23 [ vD 03358 [0.2986 a2 [ND |ND [ND [ND [ND [®D
LUz [a16 46 [NC [NC [212 [ND |25 02841 LUz 628 |45 | 618 [ND [ND |80 | ND lo2s97
us {23 [nc (27 {nc |48 {w0 [22]om LU3 [ 224 |62 {213 |[ND |ND | 245 |ND | 4419
Plate

2. Fraction number of common bands per total bands {below descending diagonals of Tables) and their
corresponding p values {above descending diagonals of Tables) produced by BamHi (Table 2). Bglli (Tabie
3l EcoRl (Table 4). Hindlll (Table 5}, Pvull (Table 6), and Xbal (Table 7).
DNA bands smaller than | kb in Figs. 1, 2. 3. 5. 6 and smaller than 2 kb in Fig. 4 and those
bigger than 15 kb were discarded due to the uncertainty in finding and calculating exact positions
and sizes of the bands. And RE which was G. resinaceunn ATCC 52416 developed too few common
bands between RE and other strains to calculate p values for the matrix table. so it was not included
in the matrix table and the phylogenetic discussion. The abbreviations of species names are same
as in Plate 1. NC. no common bands; ND. not determined.
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Table 8. Distance matrix table of arithmetic averages of corresponding p values above descending diagonals

from Table 2 to Table 7.

LO APl SuU LUl ME Ml AP2 LU2 LU3

LO 0.2794 0.3013 0.2240 0.2530 0.2897 0.0722 0.2051 0.2643
APl 0.2296 0.3919 0.3340 0.2543 0.2482 0.2489 0.1999
SuU 04071 0.2521 0.2952 0.3271 0.2056 0.2610
LUI 0.3919 0.2007 0.2310 0.1964 0.3662
ME 0.3795 0.2826 0.2279 0.2078
Mi 0.3043 0.2899 0.2868
AP2 0.2724 0.2944
LuU2 0.2351
LU3

G. meredithae

G. subamboinense vor.

G. tucigum E£870701
G. opplencium ATCC 44053

G. lucidum FP—103561 G. lobotum

G. opplonotum FP—-57035

G. microsporum
G. lucidum ATCC £4251

[} 0.4
e

Fig. 7. Phylogenetic iree inferred by the Neighbor-
Joining method.
The bar is 0.1 unit of p value.
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ABSTRACT: Phylogeny of Ganoderma Based on the Restriction Enzyme Analysis of

Mitochondrial DNA

Honag, Soon-Gyu and Hack Sung Jung*®* (Department of Microbiology, College
of Natural Sciences, and Research Center for Molecular Microbiology, Seoul
Nafional University, Seoul 151-742, Korea)

Ten strains of 7 species from the genus Ganoderma, G. lucidum ATCC 64251, FP-103561-
T. and ES70701, G. applanatum ATCC 44053 and FP-57035-T. G. lobarum ATCC 42985,
G. resinaceum ATCC 52416, G. subamboinense var. laevisporum ATCC 352420. G. meredithae
ATCC 64492, and G. microsporum ATCC 76024, were studied to discuss their phylogenetic

relationships by utilizing

restriction fragment

length polymorphisms (RFLPs) of

mitochondrial DNAs (mtDNAs). Six restriction enzymes. BamHI1. Bgill. EcoRl, Hindlll,
Pvull. and Xbal which digested mtDNAs into adequate numbers of restriction fragments
for cluster analysis, were used in this study. Restriction profiles of strains for each restriction
enzyme were treated as analysis characters to calculate similarity coefficients. which were
converted into nucleotide sequence divergence values whose mean values were then arranged
in a matrix table. This table was utilized for a phylogenctic analysis using the Neighbor-
joining method of the PHYLIP package to construct phylogenctic tree. Three strains of
G. lucidum and two strains of G. applanarum exhibited different lincages cach but one of
G. applanatum strains showed a close relationship with G. fobarum. which reflected the
species complexity of these species whose strains were phenotvpically indistinguishable but
genetically distinct. The present results suggest that the natural classification of Ganoderma
needs to be considered from the viewpoints of molecular biology-based systematics as well

as morphological
conclusions.

classifications and cultural

identifications for better phylogenetic



