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Abstract

Among non-timber forest products, Tricholoma matsutake is a high value added item.
Many countries, including Korea, China, and Japan, are doing research and technology
development to increase artificial cultivation and productivity. However, the production of
T. matsutake is on the decline due to global warming, abnormal temperatures and pine tree
pest problems. Therefore, it is necessary to identify trends in domestic and foreign research
on T. matsutake, respond to preemptive research and development to preserve the genetic
resources of T. matsutake and increase its productivity. Based on the correlation between
keywords in the high frequency keywords, it was observed that microbial clusters of T.
matsutake are mainly found in Korea. The main focus in China has been the pharmacology
studies on the ingredients of T. matsutake. The main focus in Japan has been on preserving
the genetic diversity and species of T. matsutake. Thus, future domestic studies of T.
matsutake will require pharmacological studies on the ingredients of T. matsutake and on
its genetic diversity and species conservation. In addition, unlike China and Japan, genetic
keywords did not appear in Korea at high frequency. Therefore, Korea will have to proceed
with research using modern molecular biology techniques.
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Introduction
50| (Tricholoma matsutake)= BAREF T H A& &olute] Al-8HA 0 = tffo] of <k
1 RS ok o, 7HE B0 gt e 7 QA E o g

= =
A= YAHEo|th(Yun et al., 1997; Amend et al., 2010). %Ol% H|AZ 2.2 2,000 - 4,000=0
AtE]o] AZF 479 - 834 o] A EE 2FA[skaL 8l =
O 2 QA &/g3tel| = AA| 7]ofskar it

SHA|TF, ol Tl % S7Iet A4S dikE
Holls 59 dFo= i AEH 0= 7ha A0
1997; van Gevelt, 2014; Wang et al., 2017), 0] & 7} &o]
U w9 whe] Bajet AR
Yamanaka et al., 2020).

Jol = kT 7] s}, A
O 1H(Ogawa and Ito, 1989; Iwase,
2H|oh= F7R1 Aol M &
o g ols Aikro] S4skal th(Iwase, 1997;
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Corley, 2009; Ko and Eo, 2017).

Z| T YAE nlo]d 7|H-Z o] 85 A 5 A2 12} Ak
o, ol d o] 7|H 2 o]-g5to] =o] A AT FF I 27 A =2
Eo, 2018; Lee et al., 2019). =3+ At ool A= 2|21 f AR EAR ] e =9] A 582 BAoto] A2
AL FS At 7| 2ALR R -85 o 2| 1L TH(Lee et al., 2017).

ufekA] A 0= A RN 0 BA F 23 7| E A FolE BEstal IR 7 E HES 4 3
£ &ol] Ql3Aui & Alekg =2 7id 5 nl2fe] AeRE £A sk 2517 flolA= el Sole] A
T 5 ool dert ok £ e "HAE mo|d 7[j S o]-&5to] Zuf-9] Fo] A+ S FAISHL
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Materials and Methods

HloJE] %

< glo]E&= 2020 5 282 WoS (Web of Science)2 7|5F2 2 521519t WoS W KCI database'= 17173+
3! 8h&7] Hlo]Ele] F&o0] E7hs5tod, s tlolEl= ZUl-2] B&F WoS2] Core collections 7]REC 2 F2Z561%]
ok, M Al “Tricholoma matsutake”™ & 4|01 &2 2751 21, 7]17H2 1992 - 20201 2 2 /475131t &
A= 2 Alstar A7, SHeA] R E cov Y = FE513 -

SAlo] B4 Al H et B2 Atet2 FE517] floll FUle] B9 KO & Atet2 233 KCI database S
]85t o, =99 42 SCI F =TS Z33t Core collectionS: 7|HHC 2 H|o|E] S 7531 T KCI database
ol 4| £0] ATL=-2 7A A|, “Tricholoma matsutake” == “&0|HA”-S FA)| o] 2 A 759 th KCI database] =
i FAlolE ‘SolE FAN = YT B¢ Z=Fol, (HA) £50], $0] 71, ol 5 At FAllof Blojd =
o] ez 3o, ‘SolHAl S FAlol 2 Aot 2eluf o] Bl ‘SolH o EUE=tE F
Eo] tiFoz AAE7] we] “AfEo]”, “EEol”, “UEEol”, “GEol”, “ol&dol”, “slEol"E Aeol= A
5194t} Core collection®l| A 4-0] Tl AL =& A A| “Tricholoma matsutake” S FA|0] 2 ZA751o] Hlo] €]

FE5Hch - 9] B5 7|7k 1992 - 20208 0 &2 ARl on, FEH A= AlQlohl =i A5, 3
o], 22 Z7tAEZS csv MU 2 2 E3}Qch

(m}
olf
N
I
rit

K

oX

o

£o] Ao sHrjo] EA-S QI3 RS tlolE] A =2 ARESIQITH R (version 4.0.2, Team, R. Core, Vienna,
Austria, https://cran.r-project.org/bin/windows/base/old/4.0.2/) & SA AT} 2F5 0] A|ZSHE 95 378 AT ES
ojo|m H-F4Ql FARoRETE ofu 2l ZHHH S Bl iRt a7 A &2 Al-a-stoq, Hio] @ E AYEE}F Fofo| A
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+ EE 24 =72 ARG AL }1TK(Yang and Kim, 2011). & A7-A= R2] 7]Z(base) /7| ]2} tm (text mining)
57|45 o] §3to] EIAE tho] g Bt o] B4 ARslITt Ha EET Aol lan Fellows7} A
Wordcloud T7] 2] (version 2.6, Ian Fellows, https://cran.r-project.org/web/packages/wordcloud/index html) 2 A]ZF&}5}S]
ChFellows et al., 2018).

3=, F=, L ol
Core collection°l| A =5t Bllol&] & F4of7} Hlo] Qle &o] AF=E2 =51, 2FOIM BAH-S FE3t
om, 50| Qle 4F =wrgolA E“/\FrL— —?—%ﬂ‘}i‘iﬂKim, 2016). 2J1] L= HolE FE37] 913 RS tm

-10

HATS 7O
map &5 ©|-&sto] FH A| A, LFALE ¥ 80 A7, £7] BolE & ofF o= Wigh LA} A|A, %
A A ALt 22 S 35Tt tm map®] $H421 tm_map (docs, stemDocument)S AFH8-510] of7to] Zkal ofn]
7H T2 HojS9] 27] Hoj2 T8 ojmo 2 22stglon, o2 9ls) Tolo] HA| WAt AIA|EX) Stk =
3 SAo]Z A|Z4BIe7] 9l8) BAI Tl WAL 75T %, 95 FeFOE S Aslelch 32, 22, A8 94

= e Fhet =Hof UEhtE Fojojst sHAlo]Ql "Tricholoma", "Mushroom", "Matsutake", "Matsutak",
AT A2 olal Atk e HIE} s ol el BolSo] ek e

L
(AN
L

"Mushrooms", "Pine", "Pinus", "Densiflora’

= 9= Sehe.cg oA Falskc

S, S, 42 TlolEfollA 107 o) 233 Aol & o= AT S 245171 215h, RY] findAssocs
45 o]-8sto] T sl ol e} Aol 60% o)/l BAl ol 55 FZE5HATHNa, 2017). findAssocs 4= thsh &
;Loﬂ;q HAlo] 7ke] ATk S BAISH w) ARR-E] 11 Q1.0 ™(Kim, 2018; Meacham et al., 2018), A A S Uelil=

Zro] 575 100 717k k& 7HA] 1L, o] 5751A] o’ 0ol 7H7ke gk 7RItk

(Awatl, 2015).

Results

FU| $0] ATLE=E2 KCI database S 3| FE-2 A|9j5}ar & 1018 0] &5
B0 of A AL HOFS uf] A= Ro] S 2o} 7EA S HhE slo] A gst of
AN

oh A= E S Fo] A

oz 32

>

ol A= 2002101 @FAJoF KCI F A7t S35 21, 2007, 2008\ A0l 1332 7P -2

At =-2] Fo] AL =12 Core collections 53l F5= A LJstL, F 261 2] 72| £o] AG=F0]
o} A= g 3] Fo| Pl=Ro] kA RS WokS u Zulel 9e] A 0784 7ot YA A4S
o™, 20180l 223 0 2 7} k-2 £o] Al=g-g Suoto] ol v]sl | 2ol 7PY B2 o] A==
15 tHFig. 1).
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Fig. 1. Number of research articles on Tricholoma matsutake in Korea and world.
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3008 9] o] AFL=Rol|A Z71o] o] Sl4t= & 3723 2 UElstth 3723] F 103] 0]4ke] £0] A=
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Fig. 2. Leading countries in Tricholoma matsutake research.
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ol && A7 S A
30019] o] AT RoI A7) Fol B % 650812 Lhehytch, 9177182 cietmel vl et
Hoz ZReh Aut 6802] 5 59%7t thetul® 41%7F Btiel7| o = Uk So] ol v oighr| et o) ofg)
7|30 o s p3fsh= 21 = U THFig. 3A). 12U A 7ol A Eo] Al=ia 7P Bl HESH]
2 H]EH SHATL 7131 A+29] Forestry and Forest Products Research Institute (FFPRI) 2.2 2| A2] 6%0ll i
@7 AAS ST 1.0 2 Ak ) v, SRR 305w AThSt2LR) 305 FYchotL
(6}‘;{') 2%, 73 =TSkl (@h) 2%, ' & AH(F=) 2%, oISt At Bt (&h=) 2%, ATt (F) 2%,
A7 AR (F2) 2%2] S0 At A& S EasIQITh 7]8F A7 7182 2% nlRiel 7o 2 FR 5 lom
84%E5 A5 Lol M= 71718 FFPRIZE 7MY B2 0] A7 =22 HESIOH, T=olM e T
Hahloll A 71 B2 o] A5 Rt 2l o UEbE T REH Suof A= tighol| A 7MY B2 S0l AHE 4

Pateict,
Fo| B ATE WS 824 FHE F 150712 Lrehdch 30089 o] ATER 5 7 o] =22

2743t 8h& A= ‘MYCORRHIZA’ Q& 10%2] 40| =22 Z715tc} o8 2 & ‘MYCOSCIENCE' 7%,
‘BIOSCIENCE BIOTECHNOLOGY AND BIOCHEMISTRY’ 5%, FOOD CHEMISTRY’ 3% <=0] 1t} 3% 0]kl &k
A= 7| R B2FoE e, oF 75%E AHAohe A 0 2 YEGTHFig. 3B). |72 AA| &o] A2 6%E 423
She 202 UEE O L (Fig, 2), 0]=+2] =44 F&2]Q1 ‘MYCORRHIZAO|A] 2|t 10%2] £-0] A7-=& TES]
710 &2 JeHgtthFig. 3B).
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Fig. 3. The Number of research institutes (A) and journals (B) on Tricholoma matsutake research.

HAE Oj0|4S S5 340 2

3, 2 o] 24

UM = 19957 E &0 A=t STl 1995851 dlole & A|-7HA] & 658719] d4lo7t =&
E]}it}. o] F ‘growth’7} 871 LFEFL 71 Wo| 35191 0, 559 W2 ‘speci’ 771, ‘analysis’ 67, ‘communiti’ 571,
ring’ 571 =2 2 UEHGTH(Table 1). 12U S, 2ol B]s] ATd o2 A2 40| Al oj7} 2ZE|glom, 34
o]o] Bl w3t B % 107 nRto 2 2351
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Table 1. Analysis of keyword frequency in Korea, China, and Japan.

Bl Korea (1995 - 2020) China (2003 - 2020) Japan (1992 - 2020)

Key words n Key words n Key words n
1 Growth 8 Activ 15 Ectomycorrhiz 31
2 Speci 7 Analysi 12 Fungi 19
3 Analysis 6 Studi 12 Edibl 14
4 Communiti 5 Speci 11 Genet 11
5 Ring 5 Genet 11 Mycorrhiz 7
6 Compon 5 Edibl 10 Basidiomycetes 7
7 Differ 5 Extraction 10 Fruit 6
8 Analysi 5 Gene 10 Symbiosis 6
9 Fungal 4 Result 10 Japan 6
10 Fungus 4 Popul 9 Mycorrhiza 6
11 Promot 4 Sequenc 9 Per 6
12 Fairi 4 Use 9 Ectomycorrhiza 6
13 Import 4 Structur 9 Shiro 5
14 Isol 4 Antioxid 9 Ecology 5

Other 588 Other 1,723 Other 999

Total 658 Total 1,869 Total 1,134

oA 2003 R E] Fo] A= E11510], 2003 AR E] HlojE] & AA7A] F 1,869719] SAlo|7t
FZ2H I} o] F ‘activ 7t 1571 0.2 7P wol S35t o, 559 WE ‘analysi’ 1271, ‘studi’ 127, ‘speci’ 1171,
‘genet’ 1171, = 0 = YEFGTH Table 1).

Ao A = 192 RE Hlojg & AI-7HA] F 1,134719] A o)7} 2EE] QoM o] F ‘ectomycorrhiz 7} 31
o2 714 wol S5kt T35 559 W= “fungi’ 1971, ‘edible’ 1471, ‘genet’ 117, ‘mycorthiz’ 771 =22 LEFS

CHTable 1).
S, S, Aol MA| 717 5t ST FAlol= o]sieh] =5 wordcloud® T} 2ol AlZFe}sheltt
(Fig. 4).
. S iferent e
differ compon
' : corfacedt. (i identii
rlﬂg SpeCI oo dic )[compound L
ctvty o ANAlYSI 21
‘:‘:ij:r'.aji‘ 4 studi Pr)rr‘am o
'fgléd et ectom %-:::nﬂ: ) dar fu ng Fan -
T geograph show symbiosis oo
communifi polysaccharidpolsacharid o
analysi mavogied V0T &
A o B c

Fig. 4. Keyword visualization by WordCloud in (A) Korea, (B) China, and (C) Japan.
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an

S Alo] ATTHA A
o] 24 At UeRd iAo 5 103] o) 2R3 Aol &t 2 = findAssocs B A W5HA
‘ectomycorthiz’, ‘fungi’, ‘genet ©] g 4ot E 7 2 Jebgdth, 22U ‘ectomycorrhiz’ 2} ‘fu ngl’ =
0645 2.2 M2 51901, ‘genet O] -9 Thgt 242 ALTHAIS LrEHATH Table 2). ‘genet 7 A7
AHAol= F 7NE 7P 23S 7HA] = Sl4 o] = ‘microsatellit 2 0.812] 43S 7H A 0 2 YRt

Z-2 findAssocs S A8l A| ‘activ’, ‘analysi’, ‘studi’, ‘speci’, ‘genet’, ‘gene’, ‘result’ 0] /33 Ao S 71X o2
Urebth 22U ‘analysi’, ‘speci’, ‘studi, ‘result = A0l FLoln] &} 8 Alojo] 7] wjRoj] Atk Aol A A el Tt
‘gene’2] ¢ AT 0622 24 flow' 2} Ma}ei_wl ‘activ’, ‘genet®] 749 TFeT} 2o ATTAS Uehdict
(Table 2). ‘activ' 2} S 7] =S4l o= & 12702 7P 2 4TS 7R ]= A o] = ‘suggest 2 0.662] A3 7t
2 A0 Utehsich, genel s A8 7 ol 3 IG1E 7 2 A 7P AT flow 2 0749
& 7

=2 103] o)/ 23S Al o) 7} YEhA] ehot RIE 1529] SAlo]Ql ‘growth’e] A4S Adgstict. 1
A3} growth' = 4= 0.672 24 ‘promot 2} /dHo] Sl = 21 0 2 LERIT

H A
A

u:r.&

2

o
e

=
1z

js

7}A

l“l
Kt rlo

lr
O)'

o
i

Table 2. Keywords correlation analysis between Japan and China.

Japan China
Genet Correlation Activ Correlation Genet Correlation
Microsatellit 0.81 Suggest 0.66 Flow 0.74
Diversity 0.79 Bodi 0.66 Within 0.74
Allele 0.69 Aim 0.62 Among 0.71
Conserv 0.69 Wide 0.62 Reveal 0.71
Privat 0.69 Afor 0.61 Southwestern 0.69
Experi 0.61 Variat 0.69
Liver 0.61 Five 0.69
Pharmacolog 0.61 Known 0.69
Possess 0.61 Littl 0.69
Reduc 0.61 Remain 0.69
Strong 0.61 Share 0.68
Various 0.61 Popul 0.67
Haplotyp 0.64
Site 0.64
Ecolog 0.62
Two 0.61
Discussion
&o| A= FLlo|A HES] F7FeIA Y, FUloll M= ashe ARE ERItkFig 1). ol 22 A2 &
ol2 ATHe 7| BAAL 4 Q) QR FT] Fo] AT 212 FFPRISH F A AT 2L F7}
F71%0] A7E F =S R Qlmelel A A UL W T} A7 Fo) Solof A7 AL B
Z

o] FHEULH, o]= & Fo] Ao FA JHLE olojFltt. Wi o] A9 tisty| o] Fo] A5 F
ShH, =7F A7 182 SRR HEE AHAISHA] ZSigle. il A S717]ako] $o] /IS F=skA] RSl
L =771l S dsklo A= ol o] I AHIE Aot A7 = T2t AT/ TS EithKaetal,
2018). ol & Eth 2, I Fo] Aol theh =A% AN g} A9 S FHs] ffsiM e -t A
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Z|Zol| &= Fo] Aol wot

QuekE 7hal F7} A77|so] fo] A7 FEshol ek WL EE AL
2y ES Zst0l, o2 F3l $ol B AT AAZOE Fels G Sol A7 Lol BeS AT
4 9194 Ch(Yamanaka ctal, 2020), ¥ o] 79 o] A7 2l B =22 ZWs}A) hgkon] o] 2 Qlsh
ol Aol AAHS el 8 A7 B AN 27Hsteick ol 4 ol H Fu) ol AT A o= 4

31A] 23t 1 0 2 whehEh

EERhm] =2 2A] o] A7-2] 6% E Y5he QR ERE O L (Fig. 2), DI=re] =4 Sk 4|l “MYCORRHIZA”
oA Zh 10%92] £o] A= PHESH= A= LERKITHFig. 3B). ©l= =A% 22 $o| it it At
I} HES] S7ISHAL L= FAOIM Fig. 1), S01 A7 67%5 AFAIShe S, B, ?h=2] $ol A HE &
A7t d ot 2 0 2 ALR HthFig. 2).

&o] A5 Axshs =719l 2=, =, A2 ol A7 T3 ol ZA4T A, FuiolA ‘growth’,
‘communit/’, ‘ring' T} -2 4] 0] 7} 452 Bl = 2 LFERGTHTable 1). 0] 9} 2h2- iAo 52 o] FAA 2] A%, t] Ay
= o4, Tt HE A=golM S-Skl =l $ol o] 2] Foln|gh AdA £42 2715

o} =2 e 2 SUT Aol E F3ll Sl S0l A7 Fol ndE LR 22 AelH 5ol w1t A7 E
FRLYFZoR ﬁ&%%flr.

|

Ao 7ke] =t 10 7]'77}5/’\; ’\1§ 5*]50401'91‘:]’% -4 Jo]H, o] & &3l =
gk 4= Qlth o)A = ‘activ’, ‘genet’, ‘gene’ T} Z-2 M4l o7t &2 HIE 2 LEGO M
‘pharamacolog’ @}t 22 7t k] gl I siAloj 53t 3| 60% ol/de] =2 FAIEHA E—]’(Table 2) ‘genet’ 2]
742 LujA S 2 n|5H= ‘haplotyp T 60% ©]42] A =2 A s}gﬂguq, o] £o|o] B2l Al
FHOE £33 =FE0lM F2 EHSIQITh o] & EUE Fol|A g
£ O ol o, 5k o] I FAMIESH B4 A E FE 43tk 2l o 2 et

U Hof| A= ‘ectomycorrhiz, ‘fungi’, ‘genet’ ©] ¥ W12 ST =, ‘ectomycorrhiz’ @} ‘fungi’' = AT =
0.64= BAIEEsI0], Lol AT I ATE F= £3ok= A2 AT 4= JATE ESF ‘genet’ )

of

:llm kO
o
8a
<.
1o
}'..

2 Tiver,

O

mlo

‘microsatellit, ‘diversity 2 22 &-0] BlA| LA 2 -2 ThgAd e S o el )
S5 o] & Sl Y29 Fo] A S0l FAA YT F HES FH R o= Y A7 E F=E
et 20 2 HHET(Table 2).

Slo] BAollA 53] S, L& Sl ool M= ‘genet’, ‘gene’, ‘per' 2 22 ZAMYE A Sl oS0l AelHl o
S RHA, Zuie] iRl ol sl s Al oj5o] A5 SdoHA] Zohe SEigh &fo| & KRt B|AE nlo|y 7]
HE 53 do] EAS EQ|E, FA|1A 0 & Fo] dtof tigh A7 gt AR -9 E SEs5H] HsiA=
FAYESA 7|aS 7IHEe & Fol Aol tgh oFe ek dtet Sl A T W F EEo oigh A7t
o Zlo g AlgHth
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