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Summary

Mushrooms, and particularly dried Shiitake mushrooms, have been a
traditional food since ancient times. Amidst a considerable increase in the
demand for fresh mushrooms in reflection of changing dietary preferences,
domestic production volume has decreased due to the presence of
inexpensive imported dried Shiitake mushrooms from China, resulting in an
increasingly difficult situation for dried Shiitake mushrooms producers.
However, domestic dried Shiitake mushroom producers are striving to
increase consumption through differentiation of their products by taking
advantage of improved product quality, and as a result of mandatory labeling
of the country of origin, are seeking a more objective evaluation of quality
and accurate identification of raw materials so that domestic mushrooms are
distinguished from imported mushroom in terms of appearance, ingredients
and other factors.

The objective of this study was to examine whether or not it 1s possible
to diseriminate the country of origin between Japan and China by applying
multivariate analysis, namely linear discriminant analysis(LDA), based on
chemical composition of free amino acids, lentinic acid and mineral of dried
Shiitake mushrooms. In the application of linear discriminant analysis,
analysis was performed by a method in which the original variables are
reduced by principal component analysis (PCA) to sufficiently satisfy
conditions for the number of samples and number of variables as well as
avoid problems with multicollinearity, after the principal component scores
of the resulting principal components are used as new variables (PCA-LDA
method ). Training samples were used to determine the effective variables
for discrimination along with the dicriminant function based on those
variables, while 10 Japanese dried Shiitake mushroom samples and 7
Chinese dried Shiitake mushroom samples were used as standard samples
that were cultivated on log.  Evaluation of the analytical accuracy of the

discriminant function was performed on the basis of percent of correctly




classified, probability of incorrectly classified and correlation ratio.
Evaluation of the compatibility of this discriminant function was performed
by an external validation method. More specifically, evaluation was
performed on the basis of percent of correctly classified of 18 and or 58 test
samples for which the country of origin was known and 8 blind samples (for
which the country of origin was concealed and only unveiled after analysis).
As a result, although discriminant functions were obtained using as
variables consisting of 21 free amino acids , free amino acids and lentinic
acid or 9 mineral, respectively, the dicriminant function that incorporated a
total 31 variables consisting of 21 free amino acids, lentinic acid and 9
mineral, namely z = 1.1138 — 0.9248 X PC2 score + 1.1585 X PC4 score, was
judged to be the most effective. Moreover, efficacy was able to be confirmed
since application of this discriminant function to 10 blind samples yield a
100 % of correctly classified.

A simple discrimination of country of origin between Japan and China
was examined by applying the PCA-LDA method to 21 signals selected from
the '"H-NMR spectrum of dried Shiitake mushrooms. Although the accuracy
of the resulting dicriminant function was not as good as in the case of using
chemical analysis values, efficacy was observed when used as a primary
screening method.

A study of discrimination of species and country of origin was conducted
by analyzing the base sequence patterns of Inter-SSR(Simple Sequence
Repeats) PCR method for DNA, and rDNA extracted from the dried Shiitake
mushroom. 12 species of Japanese dried Shiitake mushrooms were
classified into 10 types, while 16 Chinese samples, for which the species was
unclear, were classified into 7 types, with a total of 15 types being classified
overall, based on the appearance patterns of two types of primers, namely
SSR4 and SSR5, by Inter-SSR PCR method. When two more primers
consisting of SSR9 and SSR11 were added and classification was performed

based on the appearance patterns of these four types primers, the




overlapping types were further divided resulting in a total of 16 types being
classified overall. The dried Shiitake mushrooms were classified into a
total of 9 types based on the appearance patterns of rDNA, consisting of 6
types of Japanese species and 6 types of Chinese samples. When the
appearance patterns of Inter-SSR PCR method and rDNA were combined, all
12 Japanese species were classified into 12 different types and the 16
Chinese samples were classified into 9 types, resulting in the classification of
a total of 19 types. Moreover these appearance patterns were examined for
similarity between species and country of origin by scoring the appearance
patterns by type IIl quantification and performing cluster analysis.
Discrimination was possible at the species level for Japanese dried Shiitake
mushrooms, and similarity was observed between species of the same variety.
In the case the Chinese samples, although the species were unknown, in
addition to it being possible to categorize production areas within China, 1t
was strongly suggested that importation of species from Japan was being
carried out widely based on the existence of similarity with Japanese
Species.

The PCA-LDA and CA multivariate analysis techniques for chemical
composition applied to discrimination of country of origin of dried Shiitake
mushrooms were applied to discrimination of four countries of origin of
Matsutake mushrooms and discrimination of different cultivation methods of
raw Shiitake mushrooms to assess the universality of this technique.

For discrimination of the country of origin of Matsutake mushrooms,
linear discriminant analysis was applied to two-group discrimination, while
canonical discriminant analysis was applied to three-group and four-group
discrimination, using free amino acids and mineral as variables for Japanese,
Chinese. Korean and Canadian samples. The case of using 30 variables
consisting of 21 free amino acids and 9 mineral yield the best discriminant
function. Although the Japanese, Chinese and Korean samples, which are

considered taxonomically to be the same species, were discriminated




between the Japanese and Chinese samples for both two-group and three-
group discrimination, a portion of the Korean samples overlapped with the
Japanese and Chinese samples, and clear discrimination was difficult. In
addition, three-group discrimination by canonical discriminant analysis was
indicated to demonstrate more accurate discrimination of Japanese and
Chinese samples. Canadian Matsutake mushrooms, which are of a
different species, were clearly disciriminated from Chinese samples, but
either approached or partially overlapped Japanese and Korean samples,
making discrimination somewhat difficult.

For discrimination of different cultivation methods of raw Shiitake
mushrooms, the case of using 29 variables consisting of 19 amino acids,
lentinic acid and 9 mineral yield the best disecriminant function of z = 3.0426
+ 1.4826 x PC1 score — 1.8371 x PC2 score, and Shiitake mushrooms
cultivated on log were able to be clearly discriminated from those cultivated
on medium.

On the basis of these results, it was suggested that country of origin
and cultivation method can be discriminated for mushrooms by principal
component analysis and discriminant analysis based on chemical

composition.
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IZ Met. Gly & Trp BFEHEA L. HIBIICHEE L TWA LD ELEEZOND,
F7-. HEET I BICL Uy F o BAMEYS L PC2ITEIZV ST
BB LHBICHFEE L TWALEZ LR, HEERLILOELS R Y o

HEENREINS, ETRPEBASHEALLPEEZFEZ—BHLLTE

1BMBIZMESTONE 2, 3, 4ARMBRICHHAT 25 HAELHEZS N
D,
X TNETEHELEEE. ERTANEE AL EBEIR I L7 PC2 (X

FEizCa b Na7d, BITMn & Mg ENFHRHHEEL, PC4XEICZ CunAIZ
Fe BEhFhHEBELAEBICHEFS LT 2 0LEEZ NS, PC2 & PC4
T AERSEASFENOLLLEABAREELEL, 2, 4 BRIZKELS T
L, PEEFFEIHEIRMICMAEL., BARELDEELZ, LrL, 7
¢ FEELA. B, C 18 REOHBIBIF LRI 72.2%, 774 FREAD
HBEIPRITZ50% THY BWLWRBE LTIV X RV,

WHEET X/ BICI 2 I AMAEHE. BAE >1.00 ERTRK

3 -

A5 LEL R0 VEOEHIHEHNSEL ZEPRAETHDL L L BHIT,

T I A v RREHI AT D H B PR 62.5%& B, HBEKOEEG




HERE W E B2 5.
FTI/BIILyF=UBEIRTAEMEELEE. TD 31 ERLT
SIS, ERHBICRIRIN-ERDIE 2 DMK S, HHH)H
RO E bIcE<, 7 A B A, B, C 18 A H BUH) F (1T 100%
Chbh, 774 FREADHBMFERE 87.5%ExbRVEETH -
7= BIBISHIC L > TBIRENT-PC2 & PCAICBITAERD EM D AR
BOBHAEA Fig. 11 Z7R L=, PC2iZx¢ L TIXIEIZ y —Aba, Mg, Pro
v F=rp, AIZ Asp. Gln, Gly, Na 23#HE8 L . PC4 IZxt L Tik
iz Trp & Tyr 28, A Ala BMEBEL, ZhAEFRHMNIIFELTWD D
DEEZLND, PL—=27RE 1T HKBOERTHESD PC2 & PC4
IxtT LB AN (Fig. 2) ##5 L BARE (J1 2056 J10) 3EHE 1, 2,
SEIBICHHL, TEE (ClAHCT7) FIZEIFEL4RBICE—DHZF
n. BAREICEAE L SR TS, PC2 & PCAICRTDH PL—= 7K
Bl 17 3BT X FREHA, B, C18 & E (Cadnb Cp) &7 74 » KK
A 8RE (U125 U8) DEMSBELERELEEMH (Fig. 3)
AHBHE TAMKEBOPEE CaNS Cp D 16 REHIEZTE L4 RRD b
L —= v 7HPEERBLERY, BAE zBLIUCFEHEC LZNL
hoBZAIPhTWb, £, 7794 FRABAD UL, 2, 3, 48
L6 T AAERIC, US, 7. SITPEEHL AN TEY, ZOW
B

—UZH.

BRI BRFPEEAEBAELRAFNLI-ZLDOTH D
hL—= 7RO 7SR —GIHICE>TEHBLIL-HFEH % Fig.
AR LT, TS BAEARTALONIFEREBRIZHRE L PEE

DREXBR2HODITFTAT—RFRLTWD, BAEREBOFER (J2, J3).

IR (J5. J6) B LUHEES (J8, J10) HENRZhAET L H 77 7
A —khTR L, £, PEERAB CHPERNEMNHAL TWDH, (LA




% (Cl, C5) tmEE (C2, C4) ORBIZHOWT HEHFES 777 R T —
EEHR LTS, Bichb—=27& B 1TRHE, 72 b3 B A, B, C18

HEBLUOT 740 FREASRBOZ 524 — Bz k> TRLAL

% Fig. 52w L7z, ZZCTHLHAELFEED2ODKRT 7R
y—NEHRSNATEY, £/, BXAEORFOBEEL L UOHFEEO R —
EHRBIIZINFNWNBEEY T 7 724 — %2R TLEBMBH D Z &5
Binh, £1-, BEH L WEFEMFAHAEHC W TEHERGB L CEET
HZH TG AZ—NORERVLUIIEMEDHLIBREHET L Z L XA
THbh. Ll CHR—HLTWSbiFTIERL, EEFEHEICOW
TEHEELALLTIERVDT, ZOZEHAEEICL MO HEKDE
ARML TS0 ONE I NTEMdT 5 Z Lk, ZTORIZ
DWTIEDNA T O ETS 9 —EMh D

I GHET S B2l EE. LTS VBRI IR TV HEE

SEHNEHEFBRY CAFHNBESARLED THDL LB AN FH
- BRI B E L Table 5ZRLIZ L DI

=1.1138 — 0.9248 XPC2 score + 1.1585XPC4 score & 725,

TORLVHBEE, 250 OBENIHELAARE, z<0DHBENR
ITENMLPEELHBENS, £72, FRBOY T/ ERADIREE
LAHAEFORRICIY, EREBOFH~DIRBORELH Y . HAl
DERICHETI>RABOHKARHN T2 LTHEHATH L,
Bohn-HAEEOEEELTMT ADICEIZT 74 FRF B, C
D ® 10 RE&EHAVWCHIBEIT R, ZTORKFE, HAB PRI 100%
(Table 4) T, ZTOHEEMEZ HHIA TS,

i, BUA S OAEBREROBBRECLYmHENLERSNEZBER

ELRRINTVWANTEELZRE TS LEDLIBER Xy 70 b




QNDEINOEHEMFIZLVABELE A TOREDERES B LT
HEOBEEKE N PEETIZ R W R S 53 CHR T RIEE
PI~P5) Ot =T AHBEZEZERLL, £o®mE,. 33 (PL,
P2. P5) MHEME. 2A L (P3, P4) BEARELHHII NI, TONW,
AARELHAMNEAZPAITI2 AOBRE CEADN PN ERAB TH -T2,
UEDELIICEFEICEB W T A Z 7 OEMBBICEDZRK DO
FHR D ICEERBNT FEINLER DA LD2EEOMRENE. HHl o
A BERAT 2 HEREHTHY, ER LoRBAEL G O BB E % FHE %
THoLhTERELEZEZBENS,
M. HBIBEEKARD D FL—=r FREORERE 17T BETESED
EROSITICEL., HIcEMT I /B, LoForBBIVRIFXRIAD
HAEECEHMELIEBE, ZEERNOEENLEZ L LA (K7)
3licxt L ThAhn (biad &3) EXFBROBEEEIFETORRN/EL
AEMNTFREINDN, BETINCLD ERTHIITE W TIREFERICH
BEITES, TAPMRB IS B LT T4 > FEE 18I X 2 HBIBEE DB
AR LEFERETHY, > THAETIEHABE 53 Z AWV THEML

~bdDENZ5H,

% 3HT EA

A AT DOWGEMT I/ B, LT BRI IRTAEREE
TS BB FIENL RS L ZEHROMBIE., HASHB LV
U5 R BN R AT D FIEIC L » CEM OB B AIEER L 5 M iz2 0

TRHELE, Pb—=r7HREICHLTERT I/ BELT

F 7 A
RAFTHEFNERICEFOTHE LEBE. HICEEO B WH BB
B LI CTEEN, FRAIMRBBLOTTA > FREHNZ L 5 Z 0 HIF)

FE




BEOBEEHICETAEMOBRIL T LLETEIEERA M7z, L
L., HEET I /B, LU F=VBBLIBIXTIAO 3 Ky (B &
HizT 4 L 2 ERSICHER I =F % 72 3 5 B8 £

z=1.1138 — 0.9248 XPC2 score + 1.1585XPC4 score
NELNE, FICHOT 74 REREB & OHBI TR ~OE A O
ENLLEREOFIELFRTIENRTEL,

WA D "HNMR A7 bANGHMBLEY 7T L IZES

H
o
il

N PEM - AARRE, PEE—OHE; MHikL LCOHBED
4

HZ18 REBIOHE B
1—1. 3RA#

fENTICEHWEREHIE 1E, F1H 1 - 10ABOEDH B, b
—= e 1TRE,. A FRE A, B, CI8R K., 774 FEAEA,

B. CIeaRABTH D,

1—2. RABHEK
R A A DO ERE 34 I5(EBEDEZAKIZACTIoRMEEE.

AL, TOAREBERE LT,

1— 3. 'HNMR A7 LD BEIE
L NMR @ B3 B AE 7 % JEOL EX270 Bl ¥ 7 — U =& # (FT)

NMR S BIEEBS BV 2T0MAz THRES —bT A v 7Y » TIETIR

St BIERIC 10%D D, 0 (NEREHEE LT O0.0lml/ 1 DDS™ 2 & L) &




Mz, AF v E# 64 B, =ETHEL,

* DS FUAFAIUATaNRL RANKR BTN T AR

1 —4. '"HNMR 27 pADBHEB LAY T ALORELER
SORIEMBARZ hAOY T FTADRBBIRVAZFZIZEZLLEEN

ATI /B ABEBESLIOBERICOVWTERONR A7 b2 RIE L.

k¥ 7 FOMBLERKZEICRE L, EEEEIEARZ bLOE—

s E L NEEEDIDS OE— 7B L OMMEE LTERL,

1 —5. #amE

GEMTIIE 1E S1H 1-3 MiMHromEEFEL,

F2f HEBIUVEE

AR AT, VA Y T A rOKBHEBERD'H NMR A X
7 WL % Fig, 6127 L7, '"HNWMR A7 hAD T 7 4 —LidBE MDA
BIZLVERYVROMEBOZERE2TRL, EV /T VEOERIRDTER
EDEBICHYTALOTHY, ¥/ a0BREICL-TLEDT BT 4
WDERL LI FAEOERERREISNT, LA ¥ 7 OKBHEKROD
'H NMR S#ic L9 R EN7=b 00 ) LEFTICAWE Y 7 it 21
Thb, BEVITTLOR~DRBNTELLOILERET I/ BROR A
23 Leu (0.98ppm). 23U > Val (1.02ppm). 7 7 = Ala (1.48ppm),

AN =F> Orn (1.70 & 2.95ppm). 7 /A% 3 ¥ Glu (2.08 & 2.32ppm).
7= =)L7 5 = Phe (7.33ppm), HHF D > T (2.65ppm) &7~

LB (6.50ppm). BEEE O kLo — A& (3.47 & 5.20ppm) & w2 = b—

U (3.91ppm) BL XL F =8 (3.30ppm) & =2 U > (3.19ppm) TH




. RBAAREED S O Ukl (1. 90ppm) . Uk2 (2. 11ppm) . Uk3 (2. 41ppm) .
Uk4 (3.21ppm) & Uk5 (8.24ppm) ThoTo, T HD b L— =2 F&E
OEYE L EERERS LV EHEOZORERRF & Table 6 (235 L7C.
mEEITILCF o, 3 BB Ukl (1.90ppm) BHEEIZHES
DO ARELDOE VDAL,

TRH 2 VT FTAEERE L TCEEEMNT TR o2/ R % Table 7
R L7, hb—=v /7 REOERmmICELVHSAZEAE
SILODERSIEIIERD TEOFERIEN LN T1.4, 11.2, 7.0%T
RHEELSEIL 89.6%Th o7, HAl D OER, BRENAEHIT PC2
L PC3 (RHEFEEE 18.2%) Thotr, HBIG PRI 88. 2%, =HFOD
FERIT 21. 6%, FHBILHCIX 0.40 E B EIXR S 2< . 7 A2 FEE AL B,
C ISEBOHBIFFHRE 61. 1% (RREH 7R E) TEHEELRV LW
2T, FZCEKBMO. 71 ® PC4 A% T (PC2, PC3, PC4 BFAF
53R 21.6%) HIBISAT AT o1z, HBIAHREDL 88. 2%, ¥ 0 HEFE T
5.2%. FEEIHIL 0.54 LRRHFEEI N, ZHICKDT X FREE AL B,
C 18 SEL O BIH =R T 83.3% (RUB 3RAB) Thot, 771 F
SRE A O BRI 3R 2R A LHBA R ERT 62.5%, A B D7
HBOE AP RIL85.7%. 2ETIXT78.8%TH T,

RS RBEOEME (Fig. 7) 2745 & PC2IXIEIC U3 28, ALV
v F = UMK L. PC3IXIEIC Uk 25, AW bbb —A 1, 2 38
LHBIIzEELTWS EEZDBND, £7-, PC4 FRHEBET LB O
W HBIEE L HDHEE HBERFER-oTCDH EEZDBND, PC2
LPC3 ot A ERSBEAOEKAR (Fig. 8) ## D LHPEHEMC L

CE5NAARERLENT>TEY., £, PC2, PC3 BLUAPCA DERTE

ARIZLEIZFIRAE—BHICE->TEBEONEEN (Fig. 9) 24T




P
=

., AARELFEHED 2RI FAI—IIHBELTW W b Y

AR

s
o

BENRLTLLRLS BRI LB

SEOBITERIATHEEICBD TEMNICL IR D EERICLE
BPEIZHESNESsTWWED, HRAO—KkAZ ) —=7 L L TORDET
TENT, HWHEEOLWVHBIBENRELNZDoTmDIINMRZEDE D

/ B

14

OSEREICEEL TR, RoBE 7T AV0ERY | FIZT
DT FARERLERIEFINICLIVELL LI TE (EEDOE)
FCHRUHTE eR TERpab it RKE R BERETHLSL £ 2 LD
- TESEEALIELO LY BREEOSVEE (Fl % 1L 800MHz) (2L 5
BN LBLNAENVZEL OV T I AERAVWALZ LI OWMBEELS
WHZEIRARETHY, KMEICLVES A X7 D HNMR A7 bh
L L7 A AnCofiloffgiEs LToREZzTRT Z L&

meE

&

% 3 Af‘ EH&J

B, A 25D 'HNMR A7 M DOEEO LTI NLE2ERELIEEREE

e |

BEATED B R4y AT & BT FIEIC & 5 EEHHIAI 2 A, WSIEL L
TORPMEEBRE LTc, (LEMHHICE DB IEL AV DHE I,

ZORMENEDZ L b—HL, SHBEORVHNBEELBD - &3
TEBMoT, L L, BAREEBOMMAR L S5 iHBEOR RIS

—

., EHEBOBSELE L TCORDIEELETRT I LN TE,




#.3A & 4 O DNA FRHTIC K 25 R 35 & O HE ) ) B

i
1t

S8 BB LoHE
1 — 1. &#¥

DNA BT - D - RE B 18 1 — 1 CRWEEOR N B AE
BRSSO BB (J1: AR MML. J2; #8121, J3; % 200, J4; HY O K
B, J5 ; BKIL 817, J6 ; #kil 567, J8 ; BB 115, J9; F# 241, JI0; &
Bl 368.) & BT/ R PRAEE & 3B (J11 5 Fr MAL, J12 ;5 ARJRIF T, J13
LB 600) . B AR B > o [ BE SRR B AE A 6 BUBE (CL1~C6) 36 L OVHIR
B 1 3E (C)) CPEEETHRNEAOEER LOKBIETRHO 9R
£l (Ca~Ch). 774+ FRE A 0B AERAFHES 4L (UL, U2,
U4, U6) & hEEFAFHSE S 2HE (U3, UT) B L UERBE & 2 58

(US5, U8) m&EF AR TH B,

1—2. FiE
1 —2 — 1. DNA @

VA A FEROEHMBEY 30ng BEFEBEIK SCE® 0.5ml .,
Zymolyasel000—T Iml. Chitinase—GODO 5ml (A b5 1T3) $ T 24 H
BlA > % 2<— ) (2iR)., Proteinase K (Promega SP. Act. »30u/mg) 50mg,
10% SDS 5 ul &Mz, 55C T 3BEM A > F 2 ~<— k., 10,000rpm 577
MomED (BiE), KH400u 1l 2 2001 222 KOH L 1. 5ml F = —
TIIBL., ZEE0 7/ — N JoakL ARG EMZAGEEERM (5
5. 15.000rpm 5 SR oEL (Fi|)., KEEHLWF2—7IIB L,

SMEEEE T P U 7 A 20u 1, ethachinmate (HA Y —2) 2ul, =4/ —

D500 1 (2.5 f2&) #MR . &EREMLEEKE, —80CT30mM. 20C




T 60 S FE, 15.000rpm 5 MEL (4°C), LiEAETT0%xT % /
— &l Z . 15.000rpm 2 pMEL (2°C), LEME Risdolk. Folg
kLA 200 1 @ TE (ZAR%, QIAamp DNA Blood mini kit (7 57 ) %
Ao, MEBLIUEELNLORAE 7 ha— L iCi-> THE L, Tris
buffer—EDTA JEiE (pH7.0~8.0) 50u 1 T DNA A& H.

 SCE OfHMK : IM/ A E =N, 0. IMZ =8 MU DA,

10mM EDTA (pH5.8)

1 — 2 — 2 Inter - SSR(Simple Sequence Repeats) PCR ik
a. Inter - SSR PCR RJ& iR #H A%

PCR S/t : 20 2 1, #5% DNA : #9 20ng, d - NTP: % 100 u M (AR E) .
T4 ~—: 1 uM (FEBEE), Tag DNA polymerase (BOEHRINGER
MANNHEIM) : 1 g unit. PCR reaction buffer (BOEHRING MANNHEIM )

2 ul
b, 774 ~v—

SSR4 (GACA) 4. SSR5(ACTG) 4., SSR9(ATCC)4, SSR11(AGAC)4
c . PCR il B &4

95C —3 D%, (95C— 1%, 45C— 14, 70C—543) % 35 [A],
B 70C— 3% : fE A ; GeneAmp PCR System 9600(Perkin Elmer)
d. EXikEidl XU

PCREMS ul # 8% R VT ZIUNAT I RFENMIT 774 L.,200V DE
EETIBEESEARBOR. 2 FF AT nvA FiZLyfal VRS
FTHH

1 —2—3 rDNA PCRiE

a. ISR AR AR




o=

PCR RJSHE : 251 (% DNA: 2.0u 1, 10XTaqPolymerase Buffer
2.5u 1, 25 mM MgCl, 1.5 1, 10mM % d NTP*0.4 x 1, primer
sense (25pmol/ 1 1)0.3 ¢ 1. primaer antisense (25 pmol/u 1)0.3u 1,
Taq DNA polymerase(5U/u 1)0.15u 1, MQ 17.85u 1)
*10mM dATP, dTTP., dGTP. dCTP
b. 774 ¥—
PCR primer : S. Cerevisiae OIEEFRFIIZE-D < ALF
Small subunit;
SSJ 5 -CTGGTTGATCCTGCCAGTAG forward primer
SST 5 -ACGGAACCTTGTTACGACT reverse primer
large subunit;
LS1 5-AGTACCCGCTGAACTTAAG forward primer
LSD 5 -GGAACCTTTCCCCACTTC reverse primer
ITS 78 35k
IT5 5 -GGAAGTAAAAGTCGTAACAAGG forward primer
[T4 5 -TCCTCCGCTTATTGATATGC reverse primer
c . PCR iR &M
95°C — 3 5%, (94°C—0.54%, 53°C—0.5 4%, 72C— 1 77) % 40 [H],
%z 12°C—3 4y : fEAMEME ; Perkin Elmer 2400
d. ¥—7 > R
sequence primer
b. @ primer ¥ L ¥
SS2 5'-AATTCCAGCTCCAATAGCGT., SS3 5~ TCAGCCTTGCGACCATACTC
SS7 5'-ACTTTCGATGATGTTTGGGTAGT, SSU 5 -GTAATTCCAGCTCCAATAGC

SSG  5-CCAAGAATTTCACCTCTGAC, SS5 5 -GTGCTGGGGATAGAGCATTG




SS6 5 -CAATGCTCTATCCCCAGCAC, S58 5 -CATCGAAAGTTGATAGG

ITS3 5 -GCATCGATGAAGAACGCAGC, ISC 5 -GCCTTAGTAACGGCGAGTG
LS4 5 -TTGTGCGCTATCGGTCTC

Thermo Sequenase II dye terminator cycle sequencing kit (Amersham

Pharmacia Biotech) Ty — 27 = AT 21772 - 7=,

1 — 3 ZEERT

PCR BIC Lo THOLNE-EHERFOZERNRY -0 OF —F =KD
ErMEIC LR OEUME 2GR, HEFKEEK >05 O®EEZHW
T®Y A= &iTRy, REHEOBEMUMEIZO VTR L,
e 7 ML EXCEL Z X EMHT Ver 4.0 I L O EXCEL EHE(LH TR

Ver 1.0 (#FXKE&tt =R I) ZHWI,

EoH REBLUBEZE
118 Inter-SSR PCRIEIC LA ZEI N ¥ — 2 DB HH

1—1 2O T 74— IC LB T8
Fig. 10 (2 SSR5 O EBERIKEBN N F¥ — &R L 7=, SSR4 (X 4,3 K,

SSRE X 5 /Ny FigkRl & s, EE % Table 8z L7z, BAE 12&

(/J

Bt 10 %47, FEEI6RENI T2 A TICHE I, BXRER LUOH
EE2RBTIZ I A FIcHhEHENTE, ZALORE(IIEICL LA
REOFELBEEZ L LI TR %2 ITRo R %Z Fig. 11 IZm
L, FREDLSICEKRIEZFAA—IZDEEIND, BARERARBE &
D MML (J1) L EH 241 (J9) X PEERAHKEEMS CL, C3, C5, €6 L

B2 FBH Ca, Ce, Cd, Ce. Ch & D KREHR—2D 7 7 AZ— (T1) IL,

T6 (ZFwd S VRER (J4) L @B 368 (J10)) & T12 (B REFEKBEE: MAR




ER (J2)) BEOTT (JEARHEESAR 121 (J3)) ERK L, EIZT3 (H
K PEFEFE L SALAF 600 (J13) EHEE (Cf)) & T8 (F 290 (J3)).
T14 (FEE (Cb)) NWERET L, BIH AARE 12 K erd 8 3k, 66. Th,
hEE 16 AR LLAB. 68.8%N DI FRI—IZEEND, 2DV T
AE— LD EWALEICHRERAEEHOKLFR T4 (J5). T13 (J6) &
FOPREEOCEYDLOBFNRNEFNY T 7 7 A —2FER LTS, F
7. Table BIZR LI L D27 TFA4  F8RABOEITHERE2ALH L, F
EEUS, UT. U8 BN Z A 7112, BAEUI BNFA 7 B8IZEIZHAEE U2,
U M A 7 10 B|Eah, il A 7 TIGIZHEEUS & & A 7 TIT
CHAEUL B, b DRBEEDIL I TR —GHORRE

Fig. 12 2R/ LT=, Bzl ¥ A7 Tl6 (FEHE U3) [TBXRKELFEHED
BIETAHERKZ TAZ—TIIZERZLTEY, ZORBELE 1 ETHAERE
FRERUBLEZELMLNOMEERHLIOTERVWNLEEZLND

1—2 4BEOT7 74 ~—ILLBHHHE
1 — 1@ SSR4 33 L TN SSRG {20 X SSRY (1 732 F) | SSRIL (1 /8 F)
AN CRIT LR % Table 8 Z/RxL7, ZZTIHHHEARE J4 & J10
My E2ETI6 ZA4 TIZHEEINT.
THALOEBIEICLZEABOEUGRICIOWT Y FAY M7
Rl o N RO LICERIZ TR —IZHhBEah. BRENTL

77524 —-HOBREIBELIEOKERLIFERLTH- 7,

BO2HE rDNADODERIANZ— XD HE

r DNA O EER %] S % — > |X Table QIR LI L2129 7 A4 7 (A~1)

AR, AT AITBARERS (J1, J2, J4) BLUFEKILFK (J8)




CHEESHABNRTERARODKER I N —T ERoTWD, #4147 D
LAAERERNE (J9) &R (J) o0 EEISRHKEEEREETD

4 7D &7z,

% 3TH Inter - SSR PCRIE L rDNA D Z RN ¥ — T L 5 088

Inter - SSR PCR £ & r DNA O BRI — 2 EE TR %L Table
10 Lim, BAE 12RABHT 12 #4147, wEPE 16 ABHZI FA 7
FRNENS IR, 2T 19724 T, HEORENIRAE
THDIFHAERAEESRHFER (J1) LFEHERAKREKE L TIIAAE D CL,
C3. COEBLUHEHEE - BEAHOIREBOZ A7 T1, AEHFR (J9) &
mEEEH (LETHEAC Ce) - BEAHOIREBDF A 7 T2 Th o

o 77 AR —SHICEABFBER (Fig. 13) #H 5+ FHFFD T1(J1).

T9(J4) . TIO(J2) XL VAT D7 FRAF—%2FH L. FEED —HEZ 5
ATED, -, o BXREHBERB LI ELPEEAB L ERFKT D
LN LT,

ARIZBTA VA O GREEGEBERICLYVTRSIATHSIEGTT
LI 'Y EEEBICLDIBREE 'YL LEEHADOIREZKRTHD
INLIEIRESNOHBEY KEMEGECATRAREIARICL Y 2E
BIZ A LTS, £, YRRROLFEICEWTIEME OBERIZ
HENITRbhACnd, LL, BERPOLOFEENROEAN L HFEERN
OEREEAFEDLAINTEY, TV EMTEHRIALY, KEIZ
LZEROEHATRADRA TV EELXLND, FEMOERICHER
1 BLUOBRZREOERABHALENRTRY *P, /2, BAD VA Z T H#
EERFEICLIFEO A # rBRIBHREREE "L F LM (BK) ®

ELHEE (k) 0REBARVPEAINRTWLEBFIPHELNIZEINTED,




KAFZEIZ L 5 Inter - SSRPRCRIEB L ' r DNA OEHFGERNLATEHH
AOBENRGHEHICERAINWZOHEBARCERASHL TVDL Z LN
MR ENS, £, BHE. ERO VA Z 7 HETHIIHE~DRAK
HEHAOFRAOBHCTE TR L-EHEFAOBEROBE A Vi Lk 4
BHROKREERAHL TSI bbb TEY, BAEL PEHEO®S
IELLIHETWSCbDEEZ LN D,

Sy

FI3HE ERN
WA A FEROERH > LME L7 DNA (x4 % Inter - SSR
PCREBLIUIDNADSE AN — L DOEFICLY 2BEOCT I M ~v—%
v/ Inter-SSRPCRIEIZ LD ZEBR AN Z - LT 1T F A7, 4BED
754 <w—%BU /2 Inter - SSR PCRIBIZL B ZFANZ— 026X 16 7
£ 7. tDNADZBFRISNZ—2n51E9 % A7, Inter - SSRPCR i& & r DNA
CDOBEINRE - DHEENBIL 19 A TIIDETH LB TELF

CRAEOEREORL R 1I2BET 1244 T IZEEIDMLRER L X
NTCONEILIHHABRERETHLIZ LW ot, T, HELIHEL
7S AR—ICE Zho0F A4 TRIOELEAZLZE L, BREDOH
TRWHEEORBIZOVWTHLZODNABITIZL DA 7 BN O HE

NAEMBOBBRBLOBEAEL OEBRBEMREHEETEOIRBREHI,




FAE YV ETOEMT I/ BREIRTIVMEMRICESWICEM - H
ApE, PEE, EEHE - OHH

E1E REBIOHER
1—1 #HE

HEHE Table [1IZ7R L L DI, 1993 05 1995 FIC A LT 5
W = o
mEE 1ISHRE, FPEE IORBBLIOCIFTFFESABZH W, FF B

T . Er. BREBIVOBEEO—TIZHM TAF L A AE 13

EAFERZIZ—EIIASORELITV., BV ITEZTZHERLEL, HFEET
S JBBLIOIRITIADOSHNRE L LT,

1— 2. Rt

4/

- 1388

JiE
—
2
o

BRET 2 /EBBLOIRXRTIALOGHEE1E

U1 -2-20EEFL,

LEBMBITIIE1E $18 1 -3 LRK. ERTHNICELVEH
DHEH & Fe 1T S 2 BEHIBNITRE M B 5587 (LDA) 2 £ 7= 372 L 4 B4
BILZ DN T ILIE#E ¥ 8 4387 (Canonical Discriminant Analysis CDA )

ZEVEFLE, BHLEEHF Y 7 EIE1E 18 1 -3LFEL

Thd,
BT DT E U THERET I /BIZT AT X8 Asp, AL A=

\.

Thr. Y ¥ Ser., 7 A/NF X Asn, 7% I 8 Glu, 7% 3

Gln, 72 Y > Pro,. Z U > Gly, 77 =2 Ala, 281 > Val, ¥R F

Y ilys, AFA = Met, A YA 40 Tleu, B0A 222 Leu, SF i




Tyr. PasgbF =3 Phes. BB 7 B2 72 Irp, s Lys, £33
F v His, TAF=2 Arg, AA=F 0 0rn @O 21 BERB LY X7

AiE Na, K. Ca, Mg, P, Fe, Cu, ZnB LU Mn ® 9fEEHA» H\ -,

E2E HRBLIUEE

fEICH WAL AR EINDsBAER, PEBLIVEEEO Y Z 7
7 B2l BELEIFTALIBBEOEA RO VHE FELERE.

— TEREIC L D58 SH (ANOVA) BLUOR/NDAEERE (LDS) MR %

Table 12 2R L7-, BAEIIEBET X / BO Pro. Trp, Arg L T Orn

DERENEL ., PEEIIESET I /B Gln, Pro BL WV Gly £ I x 7

WD Ca, Fe BLOMn OEHFENEHK ., BEPEIL Gln, Gly B LU Arg

LIFXTNADFe M OEFENEBWERIZH -T2,

B 1IH 2 #HR
BAE 132 TEEIORABBLOHEERE BAHEL P L—=V 7K
B LTHWE, BITofER4% Table 13 (IR L7,
1 — 1. HAELEEDHH
A, EBET S JEBRAERELESS
ERO DI L~ THEShZEAME >1.0 OEMRDITS ERT
TZOEERITIFNFN33.7, 20.3, 13.6, 9.5 B LUV T7.TTEDE
MELERIT84.T%Th oo, BRSO R, BIR S /o E T PC2,

PC3 B LUAPCA (BREEHE 43.4%) Th o7z, HIBIEIF HRIT 95. 6%,

2B DMERIT 3. 0%, FMEKIZ0.79 TRVWSHEETh T,




EROOICE > THESREZEEE >1.0 OEEDIE3 ERS T
FOFEERITIENENA41.9, 22.2 BL P 1L 3% TCREEFERIL 75.5
Thol, ¥l ORER, BIRIN-ZHITPCL, PC2EB LU PC3 (B
&G F75.5%0) Thol, HBIBIP AT 95. 7%, BBH B O MR T 8. 1%,
ML 0.68 TRWANEBE CH- T,

)
S
%’
/14

JEBEBLPIRTIANEEHELEGE

G E > THHENTZEFE >1.0 OFEREDIT 7 EHXKST T
FOFEGHERIT28.1, 19.2, 13.1, 9.2, 6.3, 5.9 B LV 4. 9% TRHEFS
RIL 1.0 TH o/, HBIHHFORR, BRI NZEEILPCL, PC2 B L
NPC4 (BFEFLHE 56.5%) Tho7, HBIMFRT 100%, =¥ 50w
i3 2.5%, LT 0.80 TRWHOITEETH -,

1—2. AARPELGHEEDHH
A. IFEET X/ BEERELIESS
ERGATIC Lo TSN -BEEME >1.0 DERTIT S5 EMD
TZTOHEERIIZFNTH 49.3, 15.0, 8.2, .1 BLX P 4. 8% CTRHEF
RIL84.5%Th o7z, OB R, BIRSNTZEHITPC2 & PC3
(RFEAFE3HR 23.2%) ThHholo. HBURIPHEIL 80.8%., =¥ 5O #ER

% 21.4% ., FEHBAEIZ 0.40 TRWSHHEE LIV o1,

9]
ey
-

EER SO Lo THEHER-EEME >1.0 DXL 3 ED T

FOEERITIM.7.21.0BLVIT. 2% TEBEFERILT2.9%TH - 1=,

HIRI ot DR, BIRENT-EEHIZPCL & PC3 (BHEEF 5% 57.5%) T




o l-. HRIEFRIT 73 1% BYEHOMERT 30.3%, AL 0. 22

TRWAMBELIIWR R -T,

C. BT X /BBLUOIXTINVEZEHLELEEE
ERSSICLoTHEEN-EHAEME >1.0 ODFERTIT 7 ERD
TELERIIFNEN 38.4, 15.4, 12.0, 6.9, 6.5, 4.0 B L)X 3.4%T

BREELERIT86.65ThHho7-, HBloHOFR, BRI -E X PC2,
PC4A B LONPCT (BFEEEFE25.7T% Thol-, HBIAF (L 88. 5%,

B OMERIL 11. 0%, HEEIZ0.62 TRRRWOHEE TH -1,

1—3. HEEL&EEDHH

A HBET XV EBEERE LGS
ITHRASFICEoCHEIN-EFRE >1.0 DERFIT 4 EXKT
TEFDEESRIFIFNTH 54.3, 11.3, 10.0 BLIP 6. 2% TEHEFEF=R
X 81.9% CTh -7, HBI DM ORE., BIRESNZEEKIL PC3 & PC4 (R
BEH R 16.2%) TH o 7=, HBIAIH F (3 60. 9%, 824 5l D #ESR (L 35. 4%,
MHEEIZ0.13THY, BOWABELIIVWARNT,

B. Ix7 /&KL LIEEE

ERABICE - THESHWZEAEME >1.0 OFEMRTIE 3 ERD
TZOEERETFNFH 32.6. 247 BLW I5.6%TREEFERIZ
73.0%Ch o1, HBDHOME, BRI A-EHIT PC2 & PC3 (RHE

KER 40.3%) Thot-, HBHEPRT 65. 2%, #REHI ORI 31. 8%,

FHESELIZ 0. 19 TRWOHTREE L IZIWZ 2o Tz,




C. HBE7 X /EBBLIUIXRTINEEHLLERS

TR DHIcL-oTHEHEIN-BEE >1.0 OFEKSE6 TR T
FOHELSRITZNEN 42.9, 15.4, 8.6, 7.9, 5.8 BLV 4. 09 TEHEF
5ERT 84.4%Th o7z, HIBH DM ORER., BIRS W AT PC4, PCS B
LUPC6 (RHEFSE 17.7%) Thoio, HIBIMFRIT 73 1% J|HHO
MEZR (L 25.9%, FHRALIZ 0.3l TRWAMBE LITWZ o1,

2T 3B A

AARE 13K . FEE IORSBLIUCBEE BABZFL—=207
Bl LTHWE, BITORKE% Table 14 IZR L T2,
2—1BAE, FEED L CZEEEDHH
A. GBET X VEBAEERE LSRG

ERA AL CHIHESNT-EFME >1.0 OEHKTIET4EXKT T

3

ZOELERETENEH 45.9.13.6.8.7 B L 8. 65T REF 51T 77. 1%
Thoto, BREEMICESM - £ABMESRELE T EEHBINHIC LS
B EREERET ZLIETERMo T,

B. Ix7 12 HE LG

TR Lo TS -BEAEME >1.0 OFEMRDIE3 EHT T
FOEEEIFNFN 32.9, 20.2 BEIWIT.5%CRBEHF LS EIL 70.6%
Thot, EEHUSFORBRE, BRINT-EHILPCL & PC3 (BREF
58 40.4%) Thot-, EEMBITE 18K L TIH0.64, F 282
0.006 ThH o7, HBHERIEL (BARE) (£76.9%, 2 (PEHE)

I 70.0%, B3 (BBEPE) 1146.2% T, &K TIL63.9%TH o7,




C. BT I /VBBLUIXRTINEERELIESGS

ERPPIICEI - THHESATCEARE >1.0 ODERTIE 7 EMT T

4.

FOHEELRITFNEN 34.9, 15.2, 12.0, 7.2, 6.5, 4.6 F L 3.5%T
BREESRIL 8.9 Th o7, EEHFDHORR, BRI NIRRT
PC2. PC4., PC6 (BFEFEE 27.0%) Thol, EEMBILE 18I
LTIk 0.85, H 282X 0.21 Tholz, HIHAPFRIIHEL (HEKE)
iT 92.3%, BE2 (PEE) (% 90.0% #H3 (BEE) (X 53.8%T. &
TIRTT.8%CRWAMBE Th > 7,

OREB L OB E QIR I/ BEIXTLVEERELIESS
MESLBWHBEEABL N TERL, 2HHMNTIZAAREL FEE
FOMOHEBNKELRELS, PEELBREEL OMOHBNENL-TZ, =

NITEEE~Y Z7ORSHERNA A ARELFEE-Y I FOT N LTNIC
ENVbLDTHDHI LERLTCNDEEZLND, BAELTEHELDOR
IZOWTHRIBHBIHTIZE » TEIRS vl PCL & PC2 B LM PC2 & PC4

TEHERDBEAOEAK (Fig. 14) 2455 L BARED J3 & J4 (Fig.
14a) ., J2 & J8 (Fig.14b) BHEHEHICER > TV EAEL TR X
PHBEEOBEMICHELRTEZATHD, IR L TEEHDSR
ST E RO 3B TEORZHBGS (EEEE) CV1 & OV
QDA (Fig. 15) 5 L BAREL FEEE CVIICH LTELAIZH
RelZy i, BEEITHEAELPEEIC -HEARLINELEDICE 3 B

LTHHELTNLZ A bhnd, -oT, BARELPEHEDHHIZ
BHIBIHC L 2 2 BEHBIE LY L IEHEHBIATIC LD 3FHBIEEZ
RN ERFETHDLHEEZLND

Y-, AT AELEA, BEB L CEEEL OBRIC OV TIEEH G

-~

NI LD ABEHIBI & LCMIT LcRERIE, HEREY I /BLEIXTVE




i E LIESESICHBIBEAEON, ER AL > THE S AZE

FE >1.0 OERFTIETER T TEOFEESREIEN LN 39.0, 13.8,
11.2, 7.1, 5.6, 4.3 BLU 3. 4%, REFERIT B84. 40 THo/z, EH
HBSHTIC L » TBIREN AL PC2, PC4FB L PC6 (BRHEEFELER
25.2%) THot-, HIBAPRIIEE 1 (BARE) 92.3%. B2 (PEE)
90.0%., B3 (BEE) 15.4%BLUH4 (I F¥PE) 60.8%. 24T
63.4% ThH V., I FTFYEFPEELITIERSAIZLFIRVWAEDOELITHE

HELERY, —HMBEXKELER-, T,

%3 E B
AKFE L BADO TS CHEI>-TWAIREANLRFEH, GERLOD

THE~YYZTFIZoNnT, ¢, PROHEHNICERDI VR —&
(Tricholoma matsutake S. Ito & Imai, Sing.) THHEEhTW5
HAR, PEBLIUCEEEOEHHNARETHLINLE I NEBENICE 1
ETHWEEMS o8 (PCA) —@EHB 248 (LDA) I L ONE #4554
Br (CDA) I LW iTheoTe, £/, ARICEDOR R 50 F ¥ (Iricholoma
ponderosum ) (Z-DOWTCIEEH R M 24T 72 VAT 3 1EE L OBEMKE R
L-7E

HAR, PEBLIUCBEE~Y Z7OHMICBT2HBLUO3#HLD

i p R EEL LN TE, 2HHANOHERIIBERE L PHE
EIZOWTIHBRICHBITE 20, BEERARESLCPEEL
B BHELRHIRECH -7, 3HHBORKRIIFRICAKREL
EHEIHEIC NP BEEISPEELOERI NP RES, FL2—8
HERELOBERYVARORT, FiZ, BRELFREELOHIZDNT

X2 BEHB LV L SHHUNELZRHVATFRLVEITHDLH Z LB TEN




foo BT AEFPEELTABIC NN, BEESBLOCBEREL O

B BARLINT,




BOE HETAYTOEHMTI /B, LOFUBBITI R T IV
CHDW = B2 HEEE — JRAREES W & IR H—D 5

-.\
sy
=,
HE g
‘_..‘r

kB LA 1o
1—1. &As
Bl ES A4 271X 1988 EH S 1990 FICEAFSEPEMTHPES
FLOTIRAREMIZILBE4L, SFR2. MEBR3. HER3. K
AKR3., THERI1, #MR2, KRR, =ER1, tFER2, 5
I3, KR 3D I3 ek, FIRBE mE =R 2, R 3. HE kR
3. HER3. BILR1, mBR3. MULRKR3. BIER 3D 21 il %
ThZENEEEIODAF LE. SEEEFELID V- IVERETELENL
D% —MIE K UERARL L, DO ZEDICHEZRELEL TE
e U sk ot ladkl & U o

1—2. oo
M7 I OB, Ly FUBBLUIRAZNOoIEE1E FE1H

B

1 _ 2 @If\]c‘: iﬁJ L:o

1 —3. #almr

Mat@mrizsBE 16 1-3. OHEELTH %,

RITDOEBE LTHEM7I VBIE 7 AN X 8 Asp. AL A4 = Thr.
1) Ser. ZANZ ¥ Asn, IV F I U Glu. VIV H I 2 Gln,

ZoY > Pro. U r»Gly, 77=> Ala, N1 > Val, 41 voOA ¥

v 1lles, @A > Lew, F O Tyr, Zx=)v? 7= Phe, V) %>

Lys. e RF Y > His, ZIVF¥F = Arg., ¥ -7 3 /) B#Ey —Aba, )L




=F 2 0rn® 19FEH, L>rF=CEBBLOI R TN Na, K, Ca, Mg,

P. Fe, Cu, Zn B LWV Mn ® OHEEAX HW\ -,

¥ofi RBRBLIUBE
S BEBATIZCH T2 0 JE A $ BE 5n 33 Rl L O EE#EE S 21 e S

BEAICZNERP1/S5ICHID6RE L ARBEMV LT 2 MRS

=L,
ML —=y 7B OERET 2 /8.

DEWE. EHREBLOCEHEOEZDREM R % Table
T4 % B, Thr, Glu, Gln, Gly, Val, Ileu,

Lo F=rvBBLOIXRTINERE

15~ L7z,

WHEET 2 BBIXEARHEE & T
Leu, Tyr. Phe B X W His L Lo F =M. R FH B Tk 1 &y
—Aba REZILE Mo, IFTFTAIIEARKE SR TIX Ca & Cu i3, FIK
HIZ L THRESEE. K. PBLIO In PAEICEN FEAHE & & #IK

B & OB R O EZRPE T,

90— 1 WHET XV EBAEERELELGSE

CASHTICE VS -EEME >1.0 OFERSITS EMTTE

e WAl
DELERTZHZRN 36.6, 14.9, 12.3, 6.7, 5.6%TCRBEHF 5 RIL 76. 2%

Thot, LinL. BHRMESRSIETHEDRUAMNBEE LB T LT

Ko T,

09— 90 WHET I /B L L F oL BEEERELIEES
FL—=r FREBOEIRSOWICLIoTHEENRI-EEHE >1.0 O
14.2. 11.9. 6.7 B LU 5. 6%T

. Lo

TR 5 £ TEF D HE 5 R 36. 8,

LAy L. 24y 8ot 23 plc Sz B3 F 20 72 ) Bl

BRELERL 15. 25T - 1.




AEEBD THER NS,

2-3 IRXTNLEERLELIEES

hL—=v 7REOER ST THEBEESAZEEME >1.0 O
TRM/IT3IERSTEDOFEERTENLEN 29.5, 23.8 BLT 14.6% T
REESRII67.9% Thotfe, HAmHORER, BRS NIRRT PCL
LPC2 (RFEESH5#53.3%) Thol, HBIAFRIL86.4% ., &=H5HD
BT 13.6% ., MHEEIZ 0.5 THEV BRWATEE L ITWA o T,
i, TAMREBOHABRIIERKEREL 2 THEKRBE @& RAR L
HRF PR T 20.0% CHEHEHELEN 2T,

2-4 TI/)E, LryFoVvBBIOIRXTAEERELERS

F—=v ZREOERSHITCL - THEHSOLZERE >1.0 @
ERSIE8 XS CTHEEREIZNEN 27,9, 14.1, 10.1, 8.1, 5.5, 4.5,
4.2 BL U3 6% CREELSEITIT8.00Tho7-, HA DI OMER. ER
SN7-ZHIL PCl & PC2 (REF5E 42.0%) Tholo, HBIRIFHRT
100%., 2B ORI 0.88%, HEKIZ0.85 TRWAMBE TH -1,
T A b BB B AE BT RS L 2 BB A BRI A L 7 23K B H) R
80.0% TH » 7z,

HIBISHIZ L » TRBIRENZPCL L PRIZEBT2EHDODERTARMNE
O A (Fig. 16) A% 5 & PC 1 {XIEIZ Leu, Phe, Ile, Gln 2%, A
(Zy —Aba 73, PC 2 |XIEIC Asn & K 33R< B LHAICFHFE L T 5 &

Z2 55, FL—=0 ZRE 40 RELO EHRS BHAD PCL & PC2 IR

L8 X (Fig. 17) 2 A5 L EARAKEHITEL. 3. 4 RRICALK HF
L., BFEEELITIE2 L 3EBIC—HA2ERLARC LNHBINES




Thd, o THLNT-HINBERIIENTHL I EBRREN, T DA

% z = 3.0426 + 1.4826 X PC1 score —1.8371XPC2 score TH » Iz,

#3HE EA
B1EOERYA ZTrOEMHBNTCENTH > 1L EEMBITRIS T
AT (PCA) —BIZHIBISH (LDA) FIEEZEIA ZTIZOVWTERDLH
Tk — EOREEE L EERE - OHBNICER LB AR REN & D I ERET L
T S JBBLOERT S BV T VBEERELESS
TESAHBERIIEOR R T, SR TAEERE LIEEE L
MEKIIELNERZOSTEEBLOEEGENRES EH 2B B L
TWR ot BHTI /B, Ly TF=VBBLONIRTIAD 29 KT
AEHELIEBE ERSONICL - CHOEEIT 8 EMMTICHERN S 41,
PCl & PC2 # 7% % L L7-¥H 3%k z = 3.0426 + 1.4826XPC1 score —

1.8371XPC2 score WELIN, HMEBEDEWVWEAHB TEX LI LAREIN

e




FEOE B

X/ 28, FILERPLOERHNEM THIREVA ik, BEHFOD
PlICESTHEH A FT~OFEDPRBIZBRL20T, PENRLD
iz AMmIC K VERNEERITRD L, AEEORBIXIEZTETKE
o TWhHEnbhTwsd, LrL, ENEEETEEDOLRE R L
D ZTOENMEIZLVEBIEKRAZBELCEY, @MALLDOABLE
A7 ENLO LY EBORGEFECEMEOEBER A KRD TN

5.

AFFEICBVTIE, BIA YT OERT I /B, LOF=BEBLD
I R T NO(LFER RS RIS %2 B AT B B #RRIE H B 4 A (LDA) % aE A
LEEM (BABLXOPE) OHBINBAENE I NIZHO VTR L,

BIZHB D OBERICHZ > THAB B EEROE L O+ FRHEHT
L, ZE&EBREOMBELZE®E T O-OICEMT T (PCA) ITLD TOE
BEMOL. BN ERTOERDEREF - LREHL T 55 (PCA
“LDA) IZ L o TN AR AT, HIBNICHED R EH L THIZES < HKBIE
BaROBEDIC, PL—=r7H b ZEABZEARFKERE LTH
AFE 10 REHE P EETREE B W2, H1 5] BB o 4 4 K B o 3 1 5
fP R, BUNOMERBSLOMEBEEEIZTR-o7, ZOHBIEKOE
EMOFMTANITMBEICLVITRoT, BB, 7 & FaE; EHOH
LTS 18740 LIZ 58 RE ORGP R, 7T Fal (B

_\«

RELNBFBICHAMII b D) SHEOH B PRELEIZITR -
e, ZTORER., EBET I VB2 BE, BEBEY I/ B2IERE LT =
CEBHALVIEI R TIAIBEAZTNRETNAEHE L CHLHBIBEREIELN
oA, WEBET S B2 . LT VEBERBLIRTALIOBBEDEE

31 EHABRY ZATFFHRBMESK z= 1.1138 — 0.9248 X PC2 score +




1.1585XPC4 score xR b EH TH D LHMr Iz, EiZZ OHGIEEK
#RID T 7 A4 FEEH10REHIE A L £ O HBIHIF RN 100% TH - 72
IENLEAMNEL R TE L,

A 2D HNMR 2227 MR L7217 Ikt LT PCA
DA EXEALAARELREHECHESWMEMEFIZ SOV THRHFTL T,

BoN MBI CFEN DT EZANEESICHAROOHIEE T
BRipsTEM—RAZ Y —= 7L LTOEDEEFRO LN, 5.

(CESTICHIET L7 Aes L 2EEHTLZE (BIZIE A7
P OBBFTEARY) CEOMEEBELA VLY §5 2 L THRIBEED
SHTHEELY EFD5Z L aafETHY, ABFARNOES & L HEER ORIE
CEVEBROBERSICRBTLIEHO Y 7T ARE LD N NMR & AT
DR REENLIEMBELLTHEDTHS RHTH I ENTEI,
LA Z T OEBEEH LM L7z DNA (2% T 2 Inter-SSR(Simple

Sequence Repeats) PCR i£35 & 18 rDNA D IE EE TR Z — 2 OB 21T 72

WHEB L UOEMOH B 2 ST L7, Inter-SSR PCR B2 XD 7 714~
—SSR4 L SSRS5 D 2 M OEEOZER N2 — U bHIX HAE 12 A X

10 74 7z, EERHELNTIEHARVHEE 16 REHL 7 24 72, 21
TloAATIZmRENT,

754 ~—SSR9 & SSRI1 &M zx7- 4 MEOEEDET NI -V nHITHE
CEBELTWELORSPNLEETI6 #4 TICnEEShiz, r DNA DI
KRR — b XA REREIZ6 ¥/ 70, PEEIL6 ¥4 71T
ST H A TIZ ST, Inter - SSR PCRIEL rDNA DD £ R
NE— L OMEENHITARERER 12ERTIE2 TR 12747120
Nh., PEEI6RBITIZATIC, EF TS/ TIZHEHINLT, &E

. ChoOHBAARY— 2 BBCIECLVBREL, 77255




AT ARZVEERBS L OEMEOBERBEFRICOWTRFLZ, BAET
T L S TOHBMBRAIEETHY . £ RO R U HEE M OEGME
i, PEERE TIE. EEIIFHATIE® 52 HEOEWN A PE i fH
DEJNAIRETH D LARFICAROMEE L OBRUMENHEESHLEERND
DREBEOBANBLKLITbh T Z érm< mrBIN,

B A Z A OEMBBICEB LI EAR DMK~ ERKST D
(PCA) — BB o d L VEEH BI04 (LDA I KL TFCDA) B LTY7
7 AH—5H (CA) ODEEEBMITFiEEL <Y 2 AFEMOHF] & LA
2 ORLDHEEBEOHBICEAL, ZOFEONHAELRE LT,
VA OEMEBNIAAR, FEH, SEBLON 7 FERAEOERET
SOBEIRTAEEKRE LT 2HHMIREHB 2, 3B LU4
BEHIB X EMEHIB A A @A L HB OB EITFERET = /21 R L
SRXFAIOEED 30 ERAEAVWSIBANERLRVWHBIEEELED
WTE, DEZERA—BLARINDSAAR, FEB X UOREEEDORAR
IT2BEB L OSEEHB L LICAARELPEETHABICH SN TN, &
EEIAAELTEEORIC—HMERVARELRHNIEE THL . X
7. HABE L PEHIEL OB EEHR ST LD 3 BHBIED TG B
FOBBERHBAFETHL I EBREINT, BORBRLIH T FERXF
EE L ZARICHB SN, BABLUOBEE L IZAETLIN—EHERY
HANIRXCRETH - 72,

A B ODREDHIEEOHNILEHET X 78 19 BEL LT =

/

VEBBLOIRTAIBEO 29EHAFAVIBENER DR VHAIBEK

z=3.0426 + 1.4826 XPC1 score — 1.8371XPC2 score BF L4, &

REES i & EERFEE D & BHRE(ZH B T &7,
ThALDZELVF ) aBEOFERNRDBERICES W ERT T




(PC/ My AN N & el Y
(PCA) — 543 #r (LDA 35 K OF CDA) B X 5 J5 PE #h o L BE ik o0 | 5Bl A

—T &5 -73 ) S ==
AIEE CHA I LA RT Z LN TET.

n_l




# A

BOVIZERA A, AEICEL. ZHEEBYVELLRFHE L EREE
RFRBEREHFICEATRBOBLERLET,

KX EELDHDHITHID, NMR BT 2 I LOEOIHELZHY £
L-BFEE L CREERFEBRFHHERCLNOEMELET,
FICZHAOBE EILERFEEL FHRRELFAERFEHRFEH
B, Bt (REF) ExRKLTFRTFREERFEMLENM. B CERFE)
REBREI L TEXBREFRBRNEFRMELEMICEEHEL =7,
£7-. DAN BHTICCH AMEE L (Bk) ZE(LFEE—Y -1 DE
MK, NEEREKBIUOFER LR ICEH#HEL 7.
ERICIHOBEZE LTADERBEFHEZDONED FSAZIZILD
ERIEFMAZOXREFRAEBLIORBR FZHEANOER ICEFFEHL
s
HEICAEMETCRWEZ A T2 ZEEWEIEEE L BREHK
ERESBIVEABRRKGZ LW T2 EDLIEICEMHBEL T,
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Table 2. Chemical composition of training set from Japanese

and Chinese dried Shiitake mushroom

(mg/100g on dry matter)

Japanese Chinese
Free amino acids”
Asp 88.4+348" 549+10.8
Thr 89.6+17.0 75.0+20.9
Ser 70.0+14.9 66.3+11.9
Asn 61.8+20.6 56.04+10.1
Glu 316.8+89.6 350.2+122.2
Gin 558.7+187.0" 301.9+69.6
Pro 299480 39.6+69"
Gly 50.6+132" 314471
Ala 111.5+20.3 108.1+86.7
Val 4784126 55.3+18.6
Met 8.2+2.1 9.8+2.1
lleu 283+74 30.3+10.2
Leu 40.7+10.0 458+13.5
Tyr 442+19.1 4644133
Phe 460+114 39.0+120
Trp 19.6+5.2 14071
Lys 98.0+46.4 87.6+19.2
His 405+8.0 354477
Arg 143.8+96.9 126.8+36.7
¥ —Aba 26.3+15.1 150.2+15.8"
Om 221.7+1458 173.74+43.7
Total 21426+631.5 1897.6+329.6
Lentinic acid 730.6+251.8  1408.3+620.6"
Mineral
Na 12.7+59" 9.0+1.1
K 19755+382.7 2278.9+3805
Ca 34.7+264" 13.3+4.6
Cu 08+02 0.6+0.4
Fe 36+19 55+1.7"
Mg 1149+13.2 151.0+22.0"
P 4236+170.8  406.1+=1474
Zn 49+20 42+18
Mn 14+04 1.6+0.2
Total 2572.1+5483 2870.3+5375
1)

see in the text.
¥ p<0.05 ™ p<0.01




Table 3. Variables and sample sets for Multivariate Analysis

Variables Training set| Test set |Blind set|Prediction set
F.AA. 17 76 8 =
FAA. +LA. 1 76 8 =
M. 17 18 8 =
FAA. + M. 17 18 8 =
FAA + LA +M. 17 18 18 5

FAA.: Free Amino Acids L.A.: Lentinic Acid M. : Mineral
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Table 5. Result of principal component analysis and linear discriminant analysis based on free amino
acids, lentinic acid and mineral from Japanese and Chinese dried Shiitake mushrooms

Eigen vector

Discriminant F value p value

PC2 PC4

Asp -0.3218 -—0.1700
Thr -0.1075% 0.0631
Ser -0.0435 -0.0211
Asn -0.1636 -0.1226
Glu -0.0211  -0.1675
Gln -0.2772 -0.0098
Pro 0.2966 0.0683
Gly —-0.2493 0.0968
Ala -0.1226 -0.3401
Val 0.1482 0.0311
Met 01693 -0.2235
lleu 0.1362 0.1596
Leu 0.1566 0.1046
Tyr 0.1460 0.3351
Phe —0.0455 0.1274
Trp -0.0515 0.3519
Lys -0.0639 -0.0368
His ~0.1223 0.1528
Arg -0.1406 -0.2101
Y —Aba 03039 -0.2086

Orn -0.1879 -0.0327
Lentinic acid 0.2305 -—0.1802
Na -0.2468 -0.2115
K 0.1814 -0.2771
Ca -0.1741 0.0826
Cu -0.0167 0.1103
Fe 01180 -0.2286
Mg 0.3014 -0.1269
P 0.0613 -0.1940
Zn -0.0040 -0.1861
Mn 0.2032 0.1647

coefficient
PC 2 -0.9248 38.8774 2.18E-05
PC 4 1.1585 9.6369 0.0078
Constant 1.1138

Linear discriminant function

z=1.1138 - 0.9248 x PC2score + 1.1585 x PCédscore
z>0 (I:Japanese) z <0 (II;Chinese)




Table 6. Peak heights of the 'H NMR signals of training set from
Japanese and Chinese dried Shiitake mushrooms.

Signal(ppm) Component Japanese Chinese
0.98 Leu 0.63x024 074x041
1.02 Val 041012 0.47X0.27
1.30 Lactic acid 0.42=+0.14 0.63%0.43
1.48 Ala 0.64+021 066x034
1.70 Ornt 0.28+0.09 0.31x0.16
1.90 Unkownl 048=+0.17 0.78%+0.35"
2.08 Glut 0.29+£0.11 0.31x0.17
241 Unkown2 033+0.11 036=%x0.18
2.32 Glu2 0.38+0.14 0.49+0.29
2.41 Unkown3 0.444+0.18 0.30*+0.24
2.65 Malic acid 0.194+0.10 0.18%0.08
2.95 Orn2 0.284+0.10 0.27%+0.13
3.19  Choline 0.12+043 0.19=%+0.77
3.2 Unkown4 0.80+1.06 0.584+0.64
3.30 Lentinic acid 0.07+002 0.13%£0.07
3.47 Trehalosel 1.46-£067 1894128
3.91 Mannitol 242+105 3.26Xx2.00
3.20 Trehalose2 1.75%+0.82 2.33%1.73
6.50 Fumaric acid 0.56+0.20 0.67=%0.36
1.33 Phe 011003 0.12%0.05
8.24 Unkownb 0.05+0.02 0.07=%0.03

* p <0.05




Table 7. Results of principal component analysis (PCA) and linear discriminant analysis (LDA)
based on 21 'H NMR signals from Japanese and Chinese dried Shiitake mushrooms.

PCA Eigen Value > 1.0 PG, 2 3
% of Accumulative Variance 89.6
LDA Selected Variables( PC) PC2 3 |PC2 34"
% of Accumulative Variance 18.2 216
Training set % of Correctly Classified 88.2 88.2
Prob. Of Incorrectly Classified 21.6 15.2
Correlation Ratio 0.40 0.54
Test set (n=18) % of Correctly Classified 61.1 83.3
Blind set A (n=8) % of Correctly Classified 50.0 62.5
B, C (n=7) % of Correctly Classified 85.7 85.7
Overall (n=33) % of Correctly Classified 63.6 78.8

*PC 4 : Eigen Value > 0.71
Linear discriminant function
z = 03717 + 05799 x PC2score + 1.4524 x PC3score — 2.0311x PC4score

=2




Table 8. Results of Inter—SSR PCR method for dried Shiitake mushroom fruit body

Type Sample' SSR4 SSR5 SSR9 |SSR11
SSR4-5 | SSRA-11 1 2 3 4 1 2 3 4 5 1 1
J1 @] @] QO @] 2,
J9 (@) O O QO O
C1 o Q @] O @)
Cc3 Q (@) )] O O
1 1 C5 O (@) O O @)
C6 (@] O O @] O
Ca (@) (@) @] @) @)
Cc 0 [@) @] @) @]
cd @) [@) 0 @) (@)
Ce @] (@] @] @) @]
Ch O O [@) @) O
2 2 c4 O O O O O @]
3 3 J13 0 @] 0
Cf @) @) @)
4 4 J5 0 O @) [@)
5 5 J11 O @) 0
6 6 J10 O O O
7 Ja O O @) O
7 8 J2 O @) O (@) O
8 9 J3 (@] O O O O
9 10 Ce O O O @) O O
Cj (@] O O O O )
10 11 J8 O O O @) [@) @)
11 12 c2 @) O
12 13 Ji2 @) [®]
13 14 J6 [@) . O
14 15 Cb O
15 16 Ci @)
8 - Ui [¢] @) @) (@)
10 - U2 @] O @) @] O
16 = U3 (@) 2
17 ~ U4 (@) @)
1 - U5 O O (@) & @]
10 = U6 @] O QO @) QO
1 = u7 (@] ] O O O
1 - us ®)] O @] O @)

" see in the text, J : Japanese samples, C : Chinese samples, U : Blind A samples

Q: appearance of the band

i58 =




Table 9. Results of rDNA analysis for dried Shiitake
mushroom fruit body

Type Sample” rDNA?
nt439 | nt475 | nt649
A J1 = G C/T
J2 = G C/T
J4 - G C/T
J8 = G C/T
Ct - G C/T
C3 = G C/T
C4 = G C/T
C5 = G C/T
C6 - G C/T
Ca = G C/T
Cc = G C/T
Cg s G C/T
B J6 = G C
J11 - G C
Ji2 = G C
C J3 = G T
J10 = G T
D J9 = A C/T
Cd - A C/T
Ce = A C/T
Ch = A C/T
E Cj = G/A C/T
F Cf i~ G C/T
Cc2 Wi G C/T
G Ci = G T
H J5 /= A if
Cb T/- A 1
[ J13 T/~ A C/T

" see in the text.

2 A : Adenine, G : Guanine, C : Cytosine, T : Thymine




Table 10. Results of Inter—SSR PCR method and rDNA analysis

of dried Shiitake mushroom

Type

Type combined with
Inter-SSR PCR method
and rDNA analysis

Samph”

1 1-A J1, C1, C3, G5, C6, Ca, Cc
2 1-D J9, Cd, Ge, Ch
3 2-A C4

4 3=F Cf

9 3-1 J13

6 4-H J5

7 5-B Ji1

8 6-C J10

9 7-A J4

10 8-A J2

11 9-C J3

12 10-A Cg

13 10-E Gj

14 11-A J8

15 12-F C2

16 13-B J12

17 14-B J6

18 15-H Cb

19 16-G Ci

see in the text.




Table 11. Summary of Matsutake mushrooms T7Tricholoma matsutake

Nation Collected Weight(g) Nation Collected Weight(g)
year year

Japan Korea
J1. Hokkaido 1995 206 K1. 1993 424
J2. Iwate 1993 347 K2. 1994 90
J3. Iwate 1994 280 K3. 1994 116
J4. Iwate 1995 498 K4. 1994 156
J5. Yamagata 1994 87 K5. 1995 112
J6. Fukushima" 1994 174 K6. 1995 128
J7. Fukushima" 1994 128 K7. 1995 134
J8. Fukushima" 1994 231 K8. 1995 358
J9. Nagano 1993 272 K9. Kanguondo" 1995 600
J10. Nagano 1994 390 K10. Chunchongnamdo"” 1995 655
J11. Hiroshima 1995 156 K11. 1995 248
J12. Hiroshima 1995 166 K12. 1995 376
J13. Yamaguchi 1995 130 K13. 1995 286

China Canada
C1. Sichuan 1993 1383 Cal 1993 431
C2. Sichuan 1994 1615 Ca2 1993 220
C3. Sichuan 1994 313 Ca3 1994 291
C4. Sichuan 1995 394 Ca4 1994 330
C5. Sichuan 1995 376 Cab 1995 228
C6. Sichuan 1995 392 L purchased at the spot
C7. Sichuan 1995 555
C8. Yunnan 1995 390
C9. Yunnan 1995 620

C10. Yunnan 1995 250

- 61 -




Table 12. Content of free amino acids and mineral in Japanese, Chinese and Korean
\ Matsutake mushroom

(mg/100g on dry matter)
Japanese Chinese Korean F value p value
Free amino acidsﬂ
Asp 218641193 24701944 239.6+130.3
Thr 1005%£17.6 1165219 109.6+429
Ser 136:521.5 147.4+£18.3 132.650.5
Asn  86.7%29.5 73.1+18.7 7521452
Glu 46361361 430.1+£171.2 498.9%x170.1
GIn  3602+1339° 539.1+1353" 43541878 341 005
Pro 1146+242° 980+222"  92628.4° 240 ns
Gly 416+84° 67.3+16.2° 54.04+23.8% 5.66 0.01
Ala 237.7+133.8 259.7£133.7 2180%1423
Val 364197 48.74+123 4944254
Cys 30.1=2x6.7 26.2+56 26.316.6
Met 76+83 52130 88+82
[leu 222484 27574 313163
Leu 61.7%18.3 68.7+17.4 7631423
Tyr 65.110.2 580+13.2 608219
Phe 892176 77.0+£220 824+29.2
Trp  238+78° 13.9+6.2° 14645 844 001
Lys 165.3+:404 135.6+32.0 158.1+545
His 1085+242 105.2+23.3 109.0+33.5
Arg  438.0+%1299° 286.0+66.4° 3734+164.7" 350 0.05
Om 671.8+1741° 4544+160.1°° 4825+201.0" 4.80 0.05
Total 3479.8+684.1 3284616483 3328.8%+1008.0
Mineral
Na 76.0+34.1 104.4+498 90.7t45.2
K 34091821 419241530 3536726
Ca 12.3+48° 33.0%+9.9° 23.0+9.8° 16.01  0.001
P 421.0+1888 47961421 465642241
Fe 30.2+175° 117.3+£48.3° 107.7+82.2° 8.01 0.05
Mg 7204291 821129 98.31+61.7
Cu 3.a5:+10 4212 3.5E1.0
Zn 78427 84+19 1.5:0=2:3
Mn 1.8+2.1" 45+23° 42+28° 3.92 0.05
Total 4033439923 5025.1+1558.2 4336.6+853.3
" see in the text
F and p value : one way ANOVA
¢ Mean values with the same superscript within rows are not significantly different
at < 0.05 (Least significant difference)
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Table 15. Content of free amino acids and mineral of training set

from raw Shiitake mushrooms.

(mg/100g on dry matter)

On log On medium
Free amino acidsn
Asp 73.8+60.2 83.2+40.1
Thr 120.1+41.8" 98.4+24.1
Ser 79.6+274 77.6+22.7
Asn 86.3+35.5 132.5+475"
Glu 2809+756"" 1386+66.7
Gln 407.3+2335" 68.8+566
Pro 55.8+15.4 50.44-29.1
Gly 75642717  520%315
Ala 241.0+65.6 2374+70.1
Val 99.7+1049° 60.2+366
lleu 512+125"  253+16.2
Leu 79.6+184"  247+188
Tyr 68.7+178" 531%177
Phe 61.8+138™  26.0+199
Lys 115.7+51.7 105.5422.1
His 50.8+19.8™  32.2+90
Arg 149.2+66.0 173.8+38.0
¥ -Aba 4724454  383.1+108.7"
Orn 549947141 319.2+929
Total 2694.14+952.2" 2140.5+339.9
Lentinic acid 929.1+5406" 3535+87.6
Mineral
Na 81.1+108 82.8+126
K 1940442025 2213.4+3168"
Ca 37.1+221" 14.7+11.0
Mg 1208+17.7 128.6+19.7
P 4291787 605.4+146.1"
Fe 37%15 3.3+0.7
Cu 1.0+0.3" 09+0.2
Zn 42-4+172 6.1+1.7"
Mn 2.2+06 23+0.7
Total 262002170 3057.5+385.8"

1)

see in the text.
*p <005 ™p<001
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Band

No M 1 2 3 4 5 6 7 8 9 10 11 12

o

(RS R

primer : SSR5 (ACTG)4

1:J1, 2:J2, 3:J3, 4:J4, 5:J5, 6:J6, 7.J8,
8:49, 9:.J10, 10:311, 11Jdi2, 12:J13

Fig.10. Electrophoretic patterns of Inter SSR5 PCR products from
Japanese dried Shiitake mushrooms
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Fig. 14. Scatter plot of PC scores for a) PC1 and PC2, and b) PC2 and PC4

from Japanese and Chinese Matsutake mushrooms.
J : Japanese samples, C : Chinese samples
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