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A Study on the Genetic Variations of Tricholoma matsutake Collected
from Eleven Sites of Korea Using I-SSR PCR

Duck-Hyun Cho*, Kyung-Joon Lee and Sim-Hee Han

Department of Forest Resources, College of Agriculture & Life Sciences, Seoul National University

ABSTRACT: The objectives of this study was to identify genetic variations of Tricholoma matsutake (S. Ito et Imai)
Sing. growing in different geographic ranges in South Korea. Mushrooms were collected during fruiting seasons
from 1994 to 1997 from 11 major sites which included four sites (Bonghwa, Uljin, Goryoung, and Chungdo) in
Kyongbuk Province, three sites (Changnyung, Hadong, and Hamyang) in Kyongnam Province, two sites (Yangyang
and Inje) in Kangwon Province, one site (Goisan) in Choongbuk Province, and one site (Namwon) in Chonbuk
Province. Two mushrooms each from three to eight shiros in each sites were collected. Genetic characteristics were
analyzed by Inter-Simple Sequence Repeat Polymerase Chain Reaction (I-SSR PCR) method using six primers.
With a total of 131 DNA bands identified, Nei's genetic distance and UPGMA tree were constructed. It was esti-
mated that genetic variations between sites amounted to 12.9%, while 87.1% of total variation was explained by
variations among individuals within sites. The cluster analysis indicated that the eleven major sites were clustered
into four groups, group I (Yangyang, Hamyang, Inje, Hadong and Uljin), group II (Changnyung, Namwon and
Chungdo), group III (Goryoung), and group IV (Bonghwa and Goisan). It is concluded that matsutake mushrooms
in South Korea have a considerable degree of genetic variations between major sites.
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Table 1. A list of 11 major collection sites of Tricholoma
matsutake and the number of fairy rings and of in-
dividual mushrooms sampled for DNA study

. No of No of individual
Location . L
. Site Name fairy rings mushrooms
(Province)
selected sampled
Bongwha 8 15
Uljin 5 10
Kyongsangbukdo Goryung 3 6
Chungdo 6 1
Changnyung 4 8
Kyongsangnamdo Hadong 3 6
Hamyang 5 10
Yangyang 5
K
angwondo Tnje 4
Choongchungbukdo ~ Goisan 3 6
Chunlabukdo Namwon 4 7
Total 50 96

M TR FolARIZ e dual A9E ol A3
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2 ARS, 94°C30%, 52°C/30%, 72°C/90%e] HA-E 453
HHE ¥ 72°C/108-7F #F extentionr]”] DNA 5% ¢
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Table 2. General design for hierarchical analysis of molecular

Table 3. Primer sequences and number of bands identified by

variance (AMOVA) I-SSR PCR
Source of variance df. MSD EMS 131bands
: G 1
Amo.ng. Popu}aUOns Elg G MSDIAPIWG) &.+nd, primer sequence mono poly
within regions No of No of

=1

Among individuals N
within populations N- zlg MSD/CWP) o2

g=1

Total N-1

G : number of regions, I, : number of populations at gth region, N : total
number of individuals, AP: among populations, WG : within regions,
WP: within populations.

Moz Fo] FEEHE 2 /i) Ak A AT A
AMdQ A A (regionye AABL, FLE Aol X
s Ao AT OB A Hel| xR Az T
A TE oME B AolEtx 7HEH. AMOVA:
ol2gt 71 A Az A AR PHE FH
&L, o] A4 A= FES A, AgH Age=
o] FARS 7§ A EEA W (Nested design)ell 7123 £
o]c}(Table 2).
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(Armstrong 5, 1994)& o]-4-3ld Hd7l Fa #=le] 3
& T3l

E= () = n[l ; %]
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zpole] oz Ak

a3 o n#

I-SSR PCR 24

Fig. 12+ A% A HelA 33 ¢/RA12] A4 primer
8358 Ahg3le] dolzl DNAE $-E3}3it}. A& DNA
WMEZ}F 95% o]k 4E8H 22 Yehti= mono A7 A2
9131, 95% o)8}E eh): poly AEl7) AubHel AdkS
B} o)A 2 A YellA AF3E ol = BT
3}3Z, DNA band®] SAe] E8A veht $d A el
A% QA7 ©+2 DNA band®] AFS o 5 sl

w3, /1 primerE AHS-3le] -SSR PCREA & 533t
Az, ekl AL Tuble 3904 & § =] & 131
7§e] DNA band’} A SIA veht o] F We] EXAo|
ARgslg e 1 A3 mono AYEN7} 4.2%~333%2- 66.7%~
95.8%2] poly AtelEel A vA Jepdo) Fig. 12 A
%2] DNA band®A poly 8712} mono 17he] ¥|E&ZE €}
AYE AL AR veRde. el Wej R AR
3t primer ¥ DNA band®] 7§14 ¥ =7] §5 vepi=
3 2

bands ° bands

807 AGA GAG AGA GAG AGA GT 1 42 23 958
808 AGA GAG AGA GAG AGA GC 2 95 19 905
809 AGA GAG AGA GAG AGA GG 5 333 15 66.7
834 AGA GAG AGA GAG AGA GYT 3 143 18 857
835 AGA GAG AGA GAG AGA GYC 2 95 19 905
836 AGA GAG AGA GAG AGA GYA 6 25 18 75

Fig. 1. I-SSR PCR band pattern of Tricholoma matsutake from
Chungdo Area with primer 835. Lane S :size marker
100 base-pair ladder (Amersham Pharmacia Biotech.),
Lane 1~8:DNA bands of eight individual mushrooms
of T. matsutake from Chungdo Area.

DNA markerZ 7|E22 8 £0| EEte| /MY /A
2ZHA|

Zole] AR FARAS AFET] AAste] Nei(1978)
9] 2% 7] (genetic distance)S &8t UPGMA tree
2 248 A Fig 29 Zo] vEEeH, 1) A2 #
A4 Arl:= Nei 22} (Nei, 1978)0l] W} Neighber-Joining/
UPGMA methodE ©]&-3te T3, §3 F4(cluster an-
alysisyS a3k Table 49} 2o vtebteh. 117 Fo] A
Ae ZA Hhe 2522 vE F ddH A 1 2%
S, gk, 85, A, el Al I 252 99, Ax,
Adeld], Al M 1FS T3, A IV 252 ¥3}, 3
Abojgiet. 2y HY, £319 A5 Felse] vehH.

Table 404 vehd 524 7Azle QAN 2274419
444 A7) 024282 Hglen, AAR AEH A=
oF 200km AE "olA gle AL I = et bl #
Y3 A5 544 AIE 004182 7P 717HE Bt o}
vzt A x2A AZE w$ 77 oF 30km o]l
Eolgl: AL & & ik e s 49 A=
00731 A= 7I7HE A4 AE BgAR, AAY A
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ljm(NZ) Between And Length
9 8 0.00126
amyang(N9 ) 8 0.01373
L 4 0. 00509
2 ‘—Hadong(NlO) 3 N2 0.01861
3 2 0.01194
Inje(Nll) 2 1 0.04277
l_v 1 N9 0.09791
—8 angyang(N8) 1 N10 0.06489
2 Nil 0.13673
L amwon (N3) 4 N8 0.02235
8 6 0. 00655
le—Changyoung(M) 6 N3 0.02784
6 5 0.00801
—Chungdo (N5) 5 N4 0.03387
5 N5 0.00703
9—=CGoryung(N6) 9 N6 0.04830
9 7 0.00390
rGoisan(Nl) 7 N1 0.03152
7 N7 0.01828
LBongwha(N7)
Fig. 2. UPGMA tree of T. matsutake populations.
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I A A E2A 003380 2A]3 A2)F A
+ % 100km oA 9= AL o4 4 3le} o] A2 B
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ol 414 5111-°ﬂ ofs) YA F, F HAHA
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= 2 ARAE VeRE Ae] oAIZRY A7 A
1=}, 22 olefdt 28 FHEL FAH ol 7el &3
34 k3o A% o)1, T DNA ¥4 #8E Hd
F7 Arlet AH A=zl e AF A} e ALs
HuEy 9ok AR oM oEst Agol
DNA marker ZpH¢] Aol 23] 7]d€va ¥ gled,
Z DNA markere selectionol] ™3] ©}2 genetic marker
e FHeug o BN A= Adyez HalA
U FA] B PG 27 ke Aol e
A7 Al $4H Al A9 Aol AR
°°¥ bo] o= Ao R e o] o] 2+ DNA marker®
£ gy B 4 glAldl 53] 4] mating system
S A3} 5E TRl o ) A §H7 wFt
3] AgEe] glo} NGz At HeE 44 A
b olobh SRedlE 2ok 2819 A ekl
ol 7o A8 DNA marker AHle] S o Folz}
& & e

[+

<

MoK

012 RN Clgd

Folo] 7t AR fA ol S ZAkst A7, A %&%101
FAE o, Azt 2ol A sk Wl 12.85%
qom, A ) AAZE Zelol] &|A el H °l%¥%
87.15%3 JEFGTH(Table 5). Fst 32 &Awhzke] 44 =}

o]& vepllx $XQlvl, dubd ez A st o
22317} 005 olshal AL Auizte] gAA Eal) )

< 27 deld AL B 9low, 0.05~0.159 Wl
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Table 4. Distances between pairs of 11 populations of Tricholoma matsutake using Modified Coancestry coefficient (- In[1 - PhiST] =

2N) (Felsenstein, 1993)

A B C D E F G H 1 ] K
A 0.0000
B 0.0639 0.0000
C 0.0873 0.0731 0.0000
D 00772 0.0825 0.0826 0.0000
E 0.0544 0.0508 0.0338 0.0418 0.0000
F  0.0863 0.1208 0.0753 0.1131 0.0859 0.0000
G 00511 0.0595 0.0556 0.0704 0.0539 0.0742 0.0000
H 00820 0.0494 0.0794 0.0787 0.0585 0.0873 0.0572 0.0000
I 0.2138 0.1931 0.2413 0.2805 0.2317 0.1968 0.2129 0.2029 0.0000
J 0.1840 0.1675 0.2101 0.2057 0.1769 0.1655 0.1949 0.1496 0.1776 0.0000
K  0.2307 0.1710 0.2155 0.2566 0.1978 0.2428 0.2309 0.1913 03279 0.2773 0.0000

*A: Goisan, B: Uljin, C: Namwon, D: Changyoung, E: Chungdo, F: Goryung, G: Bongwha H: Yangyang, I Hamyang, J: Hadong, and K: Inje.
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Table 5. Analysis of molecular variance for 131 individuals sampled from 11 populations of Tricholoma matsutake using 96 markers

Source of variation d.f SS MS Variance component % total p-value
Among populations 10 6.9888 0.699 0.045197366 12.85 <0.0099
Among individuals within populations 85 26.0458 0.306 0.306420871 87.15 )
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